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[flsi] 

(R 2 COO) a M {NH„ (R t OH) ^ } i 
(fib, Rl. R2ttR*ftl~4©7MM. 1» 
2~4©SE», mttl~4©fift. nte0~2©&&, 

6 ] W8B«»©*^KW*^ ^SFff -T* 2 * 30 
[ft** l 0 ] ttB»-f 

if»*« 1 2 1 n^mm^m^^n^^ 



[M*£ 1 3 ] VP «««^t*«^»«EffJB* 



tttttfTVA 

Mb 2] 

(R 2 COO) „ M {NH„ CR t OH) (g^j } x 
(fiU Rl. R2«$tifS*SU~4©7^*)!4£, ltt 
2~4©&&, mfetl~4©&l£, ntt0~2©«yS, 

[0 0 0 1] 

c»u«>iRT*aaif#!FJ vrmammn 

[0 0 0 2] 

£«Mgs«^flS£fflv i fc2a«i*<»snx^&. 

«*Sfctt**mmS (£TF, FEtHS-T) . 

«aa/^jss! (eiTMiMtK-t-) &mgmmvf- 

»tB**«*«**. FES!©0ilibX«W. P. Dyk 
e&W. W. Do 1 an, "Field emissi 
on", Advance in Electron P 
hysics, 8, 89 (1 9 56)^0. A. Spl 
ndt, "Physical Properties 
of thin-film field emissi 
on cathodes with molybden 
i um cones", J. Appl. Phys. , 4 
7, 5248 (197 6) ^at4jSnXV>&. 

[0 0 0 3] MIMS!©09£bX«C. A. Me a 
d, " Operation of Tunnel -Em 

ission Devices", J. Apply. P 
hy s. , 3 2, 6 46 (1 9 6 1) 3W»&nxv> 

[0 0 0 4] |gme&S«^ttm&?©09tbT«, 
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M. I. El inson, RadioEng. Elec 
tron Phys. . 10, 1 2 9 0 (1 9 6 5) * 

[0005] mmmmmn^nmrn^t. &&±.\zmf& 

a5Sn0 2 »l&£fflV>& ! k<Z>* A u 
[G. Dittmer: "Thin Solid Fi 
1ms", 9. 3 1 7 (1 9 7 2) ] . I n 2 0 3 /S 10 
nOj mm\Z£.2>h<D [M. Ha r twe 1 1 and 
C. G. Fonstad:" IEEE Trans. 
ED Conf.". 5 1 9 (1 9 7 5)],A-*> 
»KK:<fc£fc<P ffi:*^!. Sf§2 6#> S&l 

2 2K (1 9 8 3) ] *3Wlft*nTV»*. 

[0006] znzommfcmmnmmmm&mto 

Umt-lsXffi&OM- /v-hOx)KD* : f*lJ**Bll 8 

4>0D^^fiOfiS L 1 \t. 0. 5mm~lmm, St^Ffl)*® 
Witt, 0. lmmt*5. 
[0 0 0 73 Z.n$<D3MGMMM=F1SimX*K' 

[0008] sit,, 

BKffl*K6 0DW«SC«JEES:BJ}Jnjl«b, «**HM*»* 30 

[0009] iau m^ttwapsttaTttttHB^BRffliWR 

[0 0 10] KT7*-5>yK*0«*bfc«^ftW • 

[ooii] ire?*— s>*iW*Wfc*«s*** 40 

[0 0 12] 



[0 0 13] *^©a«tt. i:©«6f*ftffi©*ii 



[0 0 14] 

[SRSfc^ftT £fc»©^g:] #f8W#tt. ±!Egft@£ 
[0 0 15] "tTftto****©^***^* 11 *** 

[0 0 16] #5B9m> «^*lB«T*«V»fc«Wi. 

[0017] *5gw©«^in©iaja^tt> ««fcmat 

[0 0 18] *?6W<D«**T©®a*^tt> 
[0 0 19] #»9i©««J&*£B©{H»#i£tt, ®^ 

[0020] ^RWoB^ntBrtww^wwi* *wrr 
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[0 0 2 11 
Mb 3] 

CR 2 COO) „ M {NH„ (Rj. OH) ^ ) x 
(fiU, Rl, R2tt&3M£l~4©7\M i )l'£> ltt 
2~4<Dg&> mttl~40«&*k n«0~2tf>SE&s 

[0 0 2 2] CUT, **W*a6lC»JBKRW5"». 

[0 0 2 3] *%^©mT»w*^«>^*^»» « 



[0 0 2 4] ^K75yS*.ktf*» 
jy x » ; h*,tO!;l^^xy b^sS; (E^TB J*5S;t 

[0 0 2 5] COtflWrtWflMlMlS 0 **** 7 
[0 0 2 6] cn&©a#»«4:4lttlt»Wfc*> 30 

[0 0 2 7] Sfc, « ; PlfttB»»l«ffl©*WHCJiV»«* 
[0 0 2 8] 

Mb4l 

CR 2 COO) B M {NH„ (R t OH) (8 -n) ) i 
(fib, Rl, R2«»1~4 07JWH, ltt 
2~4<Z>fi&, mttl~4K>?&&, n«0~ 2 40 

[0 0 2 91 ±JB©»-f*>SEi*UB**T«i*». 



[0 0 3 0] 

ntuju ^st:«UT%ft. tqi!«fli&£©iittS*i*T 
[0031] ^^K^M^BMftt^rt^frsmTnai 

[0 0 3 2] C©«fc'5«c2RW«>»(Jl*tt*4:.*t4:lC 
[0 0 3 31 MMftftti. ««HfW: 

(0 0 3 41 O^V»TS*7*- S^^MitTi^K 
[0 0 3 5] 

[0 0 3 6] *»*lCfflV»6n**^ttHJ«»J««0**' 

[0 0 3 7] B-f*->S£lMB. «*MB»**!*#^** 
IB <«*.rW9Xy$rXtt£) > Bfflfctfn;P, ^'Jtf- 

[0 0 3 8] ±B©a#»J«B*W*«RlCf**T** 
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[0 0 3 9]-^ #t8^JS»^^«)&««»*** 

WTFSB53C 
[0040] 
Ufc5] 

(R 2 COO) E M {NH„ (R x OH) (8ni ) ) i 
(fit, Rl, R2(iKi»l~407m«. ltt 
2~4<Dfi&. mttl~4©fi&, n»0~2OS». 10 

[004 1] «S^SScffia5^)«ffi*BS«>^»t UTW« 

auam*5cfc^«?iaK*^ 1 o o o t-efc o , n^tum 
[0042] hTJKss^ntm-rsa^w, 

ttlfpO. 0 1 %EUi5 %KT<D*Sffl^iSSTfeS. 

[0 0 4 3] «^ifcffi«W&Ji)cffl?*BI», iSfl^/Sflltm 
[0 0 4 4] *fc*«^ft^**»I«M(lOjW"«iMiT 

stasc £i$iw*i«fc tf&gfcfc dtk*, 

[0 0 4 5] £Ri**tf«&R<b^%«>&«£l'T«* 

d. Ru^^m Au, Ag, Cu, Cr. Ta, 
Fe, W. Pb, Zn. Sn, Hf. Y«*©A*;*«»tf 5 



ens. 

[0 0 4 6] ***Jllfc^fc*V»TlW^fc*»* 
^tLTtt-HKsSR (COO) k Tf*3nS;*7)U#>& 

[0 0 4 7] — «3S ( I ) C*lf»TR (COO) k <D k 
= l©#WfrWfc0<l£bTte¥&, INK. ^Dtf^>Bfe> 

£. k=3(D*#»ftMtHB^>-l. 2, 3 
-hV%)Vtf CXlte:V. Lippm 
ann. Ber, 1 2. 16 50 (1 8 7 9) ) 
k = 4 <Dft#fiiia« t UTtt^* >- 1 - 2, 3. 4- 
Th7*M>K&W*5. CXStiW. Ber t r 
am. Ber, 36, 329 (1903) ) CfclSK : 
W, Auwers, A. Jacob, Ber, 27. 1 
1 2 6 (1 8 9 4)) 

sat. &jg-f *>o«*kKJ:o io<D*«K:fc^ix-cfe 
[0048] #a^«sio»^t«»M^tt»m ii9i 

tCfcViUTffil^S**— JKWT-&SU A7i>fi®i 
^KttgfSf rt»3> •> AttM^5">A 1 ^SKfcV* l/TS 

Wt 2 ^ga<— &«>t*;& a n £ ^ < *n s nx v> s . 

[0 0 4 9] *&-f«yHJ9A (Y) (2HIHMft&. «& 
(Pb) ttB3Wm«SS:^-rS2:i:ttJ;<»e»nT^ 

s. 

[0 0 5 0] k = 2£A±©#U*)l'#>K-f^->' 

tflfisat 2 euio&is-f ju* 

Mz.\tk = 2<D-?U>& (-f t/t 
7$>*A (-f*» tO*^. (CH 2 (COO) 2 > 
p dT-3c£ J; -5 1* v n >g? l ^ftKfcv* l/t /1 7 V 
e7Ai3?S"c«&5. ^fce:©^ : f-S;tt*-A^t©tk^i' 

ie©A7^^A»ci»«-rs2 0(75vn>ef«)* 

[0 0 5 1] 
Mfc6] 

[-OOCCH 2 COO-Pd-O0CCH 2 COO-] 
[0 0 5 2] k = 3CD^D/1>- 1, 2, 3-h'J*^ 
(OOCCH 2 CH (COO) CH 2 COO) 2 /3 Pd 

[0 0 5 3] Wttl^R-fb^iUTiSa^JUJOKEtiJI- 
) [0 0 5 4] ±gBt,fc**#>Sfe&«&£W1-T'ra:fcPA 



(6) 



&I8¥09-1 06757 



[oo5 5] ±ga*aT««t^snfc««^«'fb^ 

SD^^fcttSI (ftttfc^tf) 
Bloods itt. WIE^jffirti^tt^Sa^fiB^flR^ 

[0 0 5 6] eilSttStffl^ 21 

sum. 8*fy*^&fl!v>ntfJ^. *uxxsot.n9ap+ 
t «i& r u t> Kg'J s nfcMia t v xn *> &ss»& < , 

&mx&z>, 9 o%uutT«.«.sattc«)«6HrtT?*n 

£&$!SD0>8P# ( 1 0 %£TF<Djfc»0 
(fet,U<«H 2 O, CO, NO, fti"?****, 
AoTS^nem ffiSK, EteUT^tn**TS 30 

[0 0 5 7] £fcMfcfc&K«k9#£n£&«'t>U<«: 
[0 0 5 8] »Tfc*HWfc#*to**flM5*B*^tt 

[0059] *&w&i&mv5z>&m&Mmn?igtmm 40 

[0060] s-r, mmBmrnm^mm^z-o^xm 

[00 6 1] 01 uxmrnzftm-ssmtesmemMn? 
i&mm?<nm!&*7*'r&&mx'&v, 01 (a) 
0, @i (b) \mwwx$>z. 

[0 0 6 2] 01tC*3Vvt, iaS*S, 2, 3»3l^« 
»«l«i:UTtt. Na§OTl««l$f 50 



?&®\z<*.*)Mi&.\sfts $ o 2 s«[abfc^7XSts^ 

[0 0 6 3] *Ha-rs?tr?mffi2, 3©^ibTtt. 

Ni, Cr, Au, Mo. W, Pt. Ti. Al. C 
u, Pd«o^Ittt^fe<t^Pd, Ag. Au, R 

u0 2. ?&-&s®<D&!zm$.&imimh-ttJz-m 

frP>mtfL2nZ>mmm#> In203-Sn02*©g 

[0 0 6 4] ss^assswtt, mscoffi^ffi, m^** 

[0 0 6 5] ft, 01tC^bfc»fiKi'SW"C/i<, *«1 
±fc, «^*JcmS5^t?*JIS4, »WT*JimM2, 

3 ©micas u t-r * ^ t *> -c # s . 
[0066] ««jctH»**trfwt4icB;, 

ns#, a«ttsgcAj&^ft=FA<o«efflfrsj:<!:*w$ 

K, <tD»^K«l 0A*0 5 0 0 k<DVmt.-?2> 
<0*^V>. *<D)8ttmt> R S * J 1 0 2 A^IO 7 Q/ 

1©*M©SSJRS, R = R S (1/w) 

[0 0 6 71 &«&»g|4£«<£-ra*mw:, Pt, P 
d, Rum<oB^m, Au, Ag, Cu, Cr, Ta, 
Fe, W, Pb, Zn, Sn, ^<7>&R, PdO, Sn 
0 2 , PbO, Sb 2 0 3 mv>&W&AkM* ZrB 2 , 
YB 4 , &<0&mmm<t®. TaC, WCSS©^fiR<t 

[0068] dctf^^^eittt, ^©afcst^ 
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[0 0 6 9] fcfe, *W*a#-c»«*K: TflS^j <hV> 
[oo7oi rua^j fcfftx. ^n«i;o 

[0071] ^-n-^noatiajtftfe'bo 

[00 7 2] r^&ifeg^i&ffi 14 ' ffliLTi 

(*Tftti «..#SUH«i 1 9 8 6^9^1B5fifT) 
fcJfcHT, JBl 9 5H2 2~2 6ff»Ctt^©«t3lcSa<S 

[00 7 3] r^ircfaSC^t*^ t#Ktt-tOBl«*« 
^fcVi2~3 um&ftft>5 1 0 nmiftSTtL., 4$ 
CjBMft?&tt3 tt(i&g* 5 l 0 nmSS^S 2 — 3 20 

&C4v£<, 5 *>©**?& -3 fc. 

[00 7 4] rfg&ft¥&^3BMK<8" ««tt^n 

S?x*h" (19 8 1-1 9 8 6) Tft tfO^tS 

(S) ***** 1-10 0 nmOftlOWS" niKtt 30 
y (ultra fine particle) W 

*ntcu&. -r* 1 1 ■©awH 1 !**** ioo~ 
i o 8 «<&v*©BKF©*£#fcv»5*fcfc*. m=Fe> 

IS;HEBmfi5 1 988^ S2Ml~4fr) WW®L 

*>j (RMI2H1 2-1 3ffB) . 
[0 0 7 5] iSSOi-SttHRWftfftf^t^SiLT, 40 

•&#T. &g©T®»»A~ 1 0 AS*, JbJRttftMm 
g&© "b©*flW £ £ 
[0 0 7 6] «^&UJ8&5tt, «^ScHigf*-&tf»M4 

awci*. RA*>5*wA©teiB©iits©i*«tt«s : ? 



[0077] sfcfc, sraamewawFttiH*^^ 
[0 0 7 8] S6it *5Bi»©«ise«s«^iaaa^ 

[0 0 7 9] 0 6fc*JV>Ttt» 0 1 \Z7HVfZffi&t.mC 

6 ltt. BMf9Mt«T**. S«l, *3MM2fttf 
3. mi*;tttH8R£^tJfflBI4, *F1HM*5H:, ffiiz&b 

fc¥®M^®esM®^ifcffl$^©*££N&^»**'e 

& aim, */t**tt«mMfcsnfcs io 2 *£©*fi 
tttWelWtscitfTt*. Kg^j£;ffl56 i©fil 

ttffMRL lCttJSU »=pA*^ISSc+MmO*6BI<!:-r 

ftWA*»&*Mm©l6ffla*#SlA>. 
[0 0 8 0] *^»Wa5*'&tr»«4tt, X7«C2& 
3 &S£»j£ffi 6 1 J««|fc. ifc*T*« 2 . 3 © Jh 

izmmtsnz. m^nmusu. ®2\z&\,*tu, em 
[oo8i] j&o*M5M«?iw*?awEDGrtt 

£ bTtt«* *©— «*H 2 

[0 0 8 2] HlRO»2*<WWU*:#«6il3B* 

te<o— m\zz>^xmm-t^>. 02fc*5ViTfc, 8it:s 

[0 083] 1 ) 1 tt**«ku^r«i»ai« 
0 * h 'J % J 9*5 ? * - 

2 (a) ) . 

[0 0 8 4] 2) * J ?aa52, 3*K(tfc*«lfc» * 
«ffl*lK6*^fiS-rs (02(b)). uCTtt, w« 



(8) 
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[0 0 8 5] 3) r^wr, 7*-= >^xil£igT. 
c 03 7 # _ 5 > ^xe©^©-««i £ b TJifwaat <t 

<c) ) . »*7*-5>yicj;ntf**;ttw»»*ffi 
{tbfceMfca«}&j££n*. &8Mfc*nrf;miiffi5£#ifi£ 
[0086] A^xjs^jffsuvi. cm 10 

«JBE/W;*£IWr504 (b) fc^bfc^ft****. 
[0 0 8 7] 04 (a) K*5tt£T 1 K.tfT 2 tettEESi 

10m&. T2H i0tf»-10 0m#«)«raS 

sn«. £<*><fc 5 

[0 0 8 8] 04 (b) tC*5ttSTi;&tfT2ra:, 04 
(a) lC*bfc©£^#£T£-<ha<T££. H^feCD 

o. iv^T7^ift^ jesps-ars^t^T^s. 
[0089] mn7*-5.>y9&&<n&~r\t. /-uuxra 

sctms. mtfo. i veaiwmffiPnjpci o 30 
[0 0 9 0] 4) :7*-s>if£i&*;t^t'«^4'fb 

x@£i#«n*«j«£*rr b sttfluai t 

[oo9i] is«MbxsHu mx\i. am®%.<oiJx& 
^.cDfiijtra&l«OS-re:tT?fT-5 2:t* s T^s. c:©2?B « 

jfURft***, 7JP5 f fcFSK 51 



gu 75>®. 7z;-jk *;i/#>, x;w^>^o 
^mag^fc^fs^tat-e^ 

x^x :/n/t>fcfic H H 2n+ 2T?^^^-&fi&»^* 
sna^fiSfn^HtzK^ ^>-t?>, h;ux>. 

7-feh >, *9WX^J|/4rh>,, /^75X x 
f;l,75X 7x/-Jk tag* R«U T'Dtr^-^S?^ 

U j*F*«n f . tttH«*i e#, «u<^b-r*J; 

[0 0 9 2 3 ei4{bXS©*l7W5£WSl^«8iE I f tM 
[0 0 9 3] 8.m&.V&.%<KG®tit* h 

(^b^HOPG, pg. GCSr-a-^-r^ HOPG 
2 o o AefiET«effi^3g* t ^anfc'b«). GCttiKft 

ffc&t 2 0 ASStcfc D *£ft«tf§©a*l)!><3 etc** < fe 

ofcfc©*m-r. ) (7w?^*- 
t*d. -^cdbsj?^ sooa 

[0 0 9 4] 5) ^Wi'5^Xg^«T#e.tlfc« : f : m 

a. ^^#«§^o^««iii^-rsxeT*«.. 

[0 0 9 5] Btr85ffittte<DXfIT. ^KStbTiftlfi 

lX10- 8 TorraW»Sb<< SSfclttlxiO 
-10 Tor r^T^CJ^Sb^. 3 S £ 

rtg^, m^ad^Tc©«bfc*«!i^M^*^b 
^-r<-rso* i »*bi/>. cwt^rojn^wis o~ 
2 o o"CT5KfM6A±^a*bv^ mzz.<D&mz.m 

~3X10-'TorrOT*WSK- SCK1X10 
-«To r rETFftWefffcbto. 
[0 0 9 6] ^<kXeSffofc«©B»f^©^B^. 
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[0 0 9 7] ±&LfcIg£iirC»Snfc*f2WS:)SJ8 

too9 8i ia3tt. n&mw&&<z>-m&7F;*rmi£m io 

*«n**^« I f **£T*fc*©*»MK 3 1tt 

*Tittii*?fcamiEv f srfflinj-rsfcj&wfias, 3 20 
ste-rsfc*©®^'?**. 3 3«7/-h«&3 4 

kV~l O-kVOttB&U T7-H«St*-?a:tH^ 
^ £©?B8H £ 2 mm~ 8 mm©fgB i: UT8«££fT 5 

[0 0 9 9] *a»*83 Sflfctt, ^FH*©*^^© 

SrS©J*$2£Bft* TcOai^WffiSff -5 «k "5 IC fco T 

*L,fc3^agg«£ffibfc*Ms&s©£#tt, 

>fc©fc-*— fc«fc0 2 0 Of££T?;0D$T££. t£-pT, 

[0 10 0] H5tS0 3fc*Lfc££$!JS£»&J ; B<AT 
**3nfcttlWi«I e, f tSS^ftffiV f 40 

©ra&££j£&C^&B"?&*<> H5C*tmi #C 
fcU«9fc I e tfgt^ Siift I f fctfc^T* L < *3 Vi<DT, 

[0 10 1] BS*>&*>W&J&vk«fcSK:, #389!£>1JB 

[0 10 2] SP^, (i) #3fH t tti&*«E <U6V>tf 



*D» «cm««E I e fc»"$-*W*fcb#V»««JBEV t h 
[0 10 3] ( i i) JfcfUBttl e*llff*EV f kj* 

[0104] ( i 1 i ) 7V-h*«@3 4Clfl£3n& 
7;-l««S3 4l:iSS3nsitlH 31 
[0 10 5] H±0K0!lC£DSjft3tiS£9C. 

[0106] M 5 (C*3V^Ttt, I f *^^«EE 

Vf C*JbT*i5JaDD-rs (EAT. rMUMSu £V> 
3. ) ffJ&^ISfc^bifc. JCTBBI f tf^HPflEEV f 
C^bT«ffi»Jffll!fttt^i4#tt <£TF, rvCNR^ 

m iv^. ) <^F0*) . ^ 

[0 10 7] m^ffl^©BBJ«tOViXtt, tt*©fc 

©atsuBTS*. 

[0108] -wti/t, &w::iaBbfr#&©«^;!ft 
ffls&^©B*&wssiT&;(&u «^i&m*^©fT*#-» 

mz, %^nmm^x^n^xfY^\znmmzm 
xjjfaa$im\z&m\z&mv, mvnizmtsti 

[0109] ^^mm«smf3:SMB.mmn : fiSi.mm 

^KLO^T«, fltlSEbfct^O (i) (II i) 

ttK<tn«, &&<Dm?i&mm¥*:m&vitm&\zis^ 



(10) 



to 1 1 oi &TFz<Dmm\z&~j&. ^wzmm^m 

aigttu 7 2ttx*i^iBB«si, 7 3ttY#iweirc**. . 
7 MtmmfcmMnmmm^ 7 s\*mmx&*. 

[0 1 1 1] m*<0X^BB«17 2«DX1, DX2, 

• - • DXm7&>£fcD, TOJfe 10 

E*§i©*m. m®, mat. aocttean*. y 

•)5$m$i.7 3HDY1, DY2 , • • -DYnOn*© 
nSm#c!>X*ftK8l7 2 i:n*OY^|fiJBa«l7 3 t© 

net** TpH^^^WiffiaiB^tt&nTfeOs 

«§t»K:#f8LTV>£ (m, ntt, *«ciECDS»c) . 

[0 112] T®^©etw«6»»tt> trnwum. mm 

2*1*. X2n6lE*§!7 2£j§5l£bfcS8i7 lffl 20 

^s^ta— mzmm<?>&v?emj&zn, mz, x^mm 

»72 <J:Y;&lfoE*il7 3 ©^ggflOS&iMClt 

BIJP, *f*4, «|j**<®S^sns, xfifam® 
7 2 tY*|6lE*a7 3«, -f-n-^n^ffi^t L-T5I^ 

tO 1 1 3] ^IBe^SaffiSl^ 7 4 SfifffcT 

0^0*) tt, m*©X*|6]BB^7 2 tn*CDY* 
I^ffi«l7 3t. Sfltt&JB^ 7 5i:±^T 

[0 114] E«97 2 £.WM7 3««WTT*tt». 31 
7 5 £:8*j£-r&*m, &«7 5 t*jsW**». Jfctf- 

?8bfcL3l®e»S!SfeaiJ(l J f-7 4©?f£jI&T*fcJ&e>* 
— Y:&l*lE«§l7 3Ctt. Y#lRlfcEJ!lbfcSffl 4 

eiSisstmiB? 7 4©&3?"j*A*(s#fciei;T, aegirr 

10 1 1 5] _kg28U£K*5V>Ttt, l&JiefcvHJ^XBe 

[0 116] JKD«k^*#*|vh'J^XES©«?aS* 
m 1 0 £/BV>TH»9rrs. 0811, VMUBJ&ttBaSK ! 



»riljg«IC«[«*n*ft3llcai«>fll*BTf*«. .BB 1 0 fit 
NTS C*i«f 1/ fcf«*»tl6 UTS^Srff^ fc«fr<3lB 

[0117] S 8 C£V>T. 7 1 rttrattffl*? 
Ebfc«?iISS«. 8 ltt«TWHR7 l*BMfebfc'J 
y^-K 8 6tt^7 7.««8 3<OrtBtCffiJtK8 4 

8 2«^#T?*0IR^#8 2KH UT:/l<' 
-h8 1, yx-X^U- h 8 6#7 U » 

^f&swa. 4 0 o~5 o ofgom«*SH 

[0 118] 7 4, «01C*5^*m^ftdlS5HCffia 
T*. 7 2, 7 3 tt*Wfi*SM*l«tt**©-**©* 

[0 119] fl-KS 8 8 tt±5B©«l< , 7i-X7"W- 
h8 6,£Jt#8 2, UT^"W-h8 lT«tfi£Sn%. 

■cRttsnsfc*. s«7 i gfcX'+ftttmm&m-?® 
■smwa o t^w- h 8 i tt^st-rs 

^yi/-h86, £&#8 2RtfS«7 lTfl-BS8 8 
**j*l/rfcAV». 7i-^7*l'-h8 6, UT 

*o^H8&8 8cD«^-rsctfe-e^s. 

[0 12 0] 0 9«, at^KS^-nSSCH-CSB*. Stffc 
IK 8 4 ft, *J i7 a— A©«^-ttm3t#:©*^6«!fiK-r 

J: 0 ^7 y ^ X h 9-f V»tt^9 ^vh'JJ 
7>^t*il*«n2»ll©»«W9 1 h&ft#9 2 

s=ge«3t'*«)#ffi3t#:9 2raomo»»ffi*M<-r 
felt »^3feRi# \z&% 3 >h7^h ©ficT^ifiita c 

6. 

[0121] jtfyxs«9 3Km3t^*m*f S^Ffett 

«-c#*. S^m8 4<ortSifiiHctt, a*^^;u/tryf 
8 5ATO&n?.. ^^JW/ty^'*«U«a»H:, 
<fr<nm9tV> 5 "fe ^M«fl^<03te* 7i-X^I/- h 8 6 fid 
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[0 12 21 7x-7.?V-h8 6K:H EKtbfcffllS 

[0 12 3] ffirft©i^£ff5[8HC»l %?-<Dm&}* 

[0 12 4] H8K/TtfeliltMSftl «*.tf£TF 10 
[0 12 5] fl-ffl«§8 8H ffi&O&fefcTimtmm. 

>ysk£«D*-f Steffi vu^wfs,mm\z jz o ^fei^cd 

UNstW&jiEXgls&U 1 0 _7 To r xn8.<on£.g.<n 
2>. fl-B8g8 8<D»lh&<&J4?Sft£iSiM$T*fc*fc, *" 

j£©tfcB CFEI*) tcES^nfeyy^— fcAlJNkU 
1 0 _5 &lr»iaixi 0 -7 To r r<D£^£SMrr£ 

fcox&s. --x> SBes&WPSfeffl^©?*- 

[0 12 6] ^(c, iiMfcvHJ^XKiScDS^Sl&ffl^ 
T«t^bfc^^^;u»c, NTSCMOfl/tm^l: 

KOViT, El 1 0 *ffl^TUWT5. El 1 0 K*HrVT, 31 
10 1 «Hlfe*jr:/S*;K 10 2 ttjfejglelK, 10 3H 
fel«lHl^ 1 0 4tt>'7hW>?X^1?a6?.. 10 5H5 
-f U , 10 6 tt|S0»Hf ^#«HU&, 10 7 tt^W 

[0127] Sv/t*;!' 10111 SSH 1 D oxlft^L 
Doxm, SSB^Doy lft^UDoy n, RtfitSffiSS'? 
Hv£^LXft05©1il8,l§l&tJ&iabXV>S. SSB^Do 

xii4v>i/Doxmi:ti, ^/wn^tdat-j-snxi^ 

[0 12 8] SSTDy lft^UDy nfcll SJIB^SM 

iok [v] (o^mn&amm^n^i)^ z\n\t&wfc 
[0129] j&eiais&i 0 2 tc^tvriitn-rs. m®& E 



<K S l&^LSmT&SWlC^UXV**) fc*. €-7. 

o [v] (y^>Ki"^;i') co^-rn^— **as?t^, 

*tf/1*JH 0 KfliS^Dx l&V*LDxm£«SCWK: 
&i8E3ft5. S IteULSmW&X-f y^^Tf! 
IHffiK 10 3 *<ai*-r**!Hfll«#T scan \Z&-3^ 
T«I^-r«>t>©X*l9, {fllS.KfFETCD.t'pft^-f y3=- 

[0130] atiftmjiagvxtt, *ffl6>*&cf£*ne 

jfe£SftXV>ftV>*?£WJP3nSffi»i«ffi#« 

s«fc3»«$nxir**, 

[0131] mwm&i 0 3it itsp<k»jA*-r*iii«! 
*fi^-&*«t«6sw-r«.. i«»@kio3». mm® 

*f #RtH18S 1 0 6<fc92£&tV5l«W8{I^Ts y ncfc:* 
&mzttlsTT s c an*i«fctfTs f tiSJctf 
Tm r y <Dfi-$!I«m#*36*-rs. 

[0132] mm®^mmn io6ti, wsx* 
#«s (7^;i^^-) 0K^4fflViTWifiEx^s,. fmmm 

^fttemf& 10 6 fcJ: 04M8ISnfcR»!<g^-H Stara 
±, Tsyncfi^tLTSfl/fe. WS5 l l'EW* 

nfc®«©»««#>««-*«l:±D at a©^ 

tSLfc. ^DATAli#tt^7 hU5?X^ 1 0 4tCA 

[0 13 3] ^7M/'^ 10 4(1 «3K9miC^U 
TMtA^JSnsflaSHDATA©^*, IftOlM^ 

WbISS 10 3 J: 9£&n«MfMr*T s f t (cS^V>X 
SMFTS CTfttoft. HUifTs f tli, ->7hUi? 
1 0 4 0i'7hi'n»yi'Wif5i:it)Tt 

(H^tfilR^Nm^^Kfft^-^JCffia) ©^-^ 
H 1 d l^ViL I dn<DN®OM5!ie^tLX«IIB^ 

7 hu-v'x^ i o 4,toffi*sna. 

[0 13 4] 9-f >^^'J 1 0 511 Btl5-t >^C0 

D, «(H»IilKl 0 3«fc02ie.ns*!l^«^Tmr y\Z®. 
oX^iCI d DftViLI dnCDrt^*Etef 
n^^fl I ' dlfrHbl' dntbtfflASn, 
10 7 tCA^Stl^. 
[0 13 5] 0 7tt, 8315^05*—^ 

I' diftwi/T dn<D&«»cj«;DX. 

^ttj±is!i^o#* &m®\zMh2m-tz&<D®mm~T?& 

0, ^Otii^m^fl «S^Doy lft^bDoyn*! 
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[0 13 6] jMri£Lfc<fc'5K, #5691£:jgffli5Jf&fc«^ 
TV>£. fiPt., «^*IHlCtt91*fcb*^««EV t h 

j&t&D, v t h&±©«E*W;&n3ft;fci§©*«^»tt 

[0137] a^r, a*«#i-^u;t, m^m*? 
t*. ^mm^m±mi o 7 tvx, -jtfts©*^/^ 20 

[0138] ^^x^ia*s:4Si*g-r«.ci»bT». 
&smt #3g±§§ 1 0 7 1 tt, — js©^®©*^^ 

©"B££iftr * <k 5 ^^Jl/X^^SS^©lHll»S:ffl V> £ 
(0 13 91 ->7 hUi?X^ 1 0 1 0 

[oi4o] ^^m^je&ffl^®^-^ 

^SliaKl 0 ewtfi^fi^DATAi&^i^Mf^Ht 
?2»&M&&%>* i * Ctlttl 0 6CDW*S5lCA/D^ 
8g£8*ttntf&V>. CttlCWgbT^'f >^^EU 1 0 5 

iam#§B£s§ i o 7 fcm>sn*[Hi2&a*g z P&fco&'fe 

£Sifi-fJ58£& 1 0 7 fcfct, MAttD/ASMa 40 

*mtW53:o®&> mnzmn&£.® 1 o i ck, m*. 

fclalKSfflV^. «SKJSttT. Jt«g§©tii*f SMJU 
[0 1 4 1] 7^-n^e#<£fflV^c«JESgBi^©« 50 



©jS^ttt. «*.tf, «ffii9WSfgliiHiK (vco) £ 

effi£T«ffi*raT£fc#©«rai&£tt1>Pt-& ~<hfcT 
[0 14 2] £©£5;fc«Jifc£<h*)»5#5S91 : £®ffl^ 
^^DoxlftHl/Doxm, Doy l&HL-Doy 

[0 14 3] ££T>£^fc«#^Jfci£B©«/£tt, #58 
ffiJll&k:*C^Tffl*©^Jg#^fl6T&£. A*«#»t 

■z>^x\t. NTSctt*$>\ftt&. Aflft^ra-tuc 

SgSft£'b©-?tefc:<, PAL, SECAM^fia 
tf, MUSE^aSttCJ&ttSSflffiTV) ^jS^fc 

[0144] mz. fib^iaeos^igR^siife^ 

£BKOV*T0 1 1 > 0 1 2 £JBV>TI&931-5o 
[0 14 5] 0 1 i«, liL-craiffiSroS^ilS©— Wl* 
7fcf«5£0T*5. 01 lfciSHT, 1 i o««^as* 
fc, 1 1 ltt«?SCttS^T»S. 112, Dxl~D 

xiotj, m^mm^i 1 1 &&m~rz>tztb<D&mJBi 
m^FikajBTi n(t mu o±\z. x 

^) . comTmm&m&isnT. m^m^m^x 

^SEiSDx 2~Dx 9tt, M^.tfDx2, Dx3S3 
— Sitt it" £ ^ t *> T ^ S . 

[0146] gii2it uvz:mmmon :: f-m i £mz-ft 
m»m^m\z *s v} %> n*)vm&v>—mtt-?®&mx 
&z>. i 2 o«yj «y 121 itn'f-bmwrz 

fc»©^7L, 12 2«Doxl, Dox2. . . Dox 
miOfc^Stt^-efc*. 1 2 S\t{/U v H«ffi 1 
2 0£8$g2nfcG 1, G2. . . Gn*>e>)SS$Sg^ 
«g^, 1 2 4tt#^fTKw*JiSi^*ra-BB«Stbfc 
B^FJES^&S. 01 2lC*V»Ttt. 08. 1 1 \zfp. 

i,nM®Lt.mvumz\z. cn6©0^#ufc©ti^- 

©«F^*#bTV>?> 0 C^tC*bfc@l«^fiES«i:08 
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BWt. «^8SI£te 110 t7i-x^i/- h 8 6 ©ra 

[0 14 7] SI 2K*SV>Ttt, S«l 1 0 t7i-Z 

rfv- t- 8 6 ©raKta, y Hma i 2 otwvzn 
tv>*. if j 1 2 o «, mm&mM&mm? & 

tt©mffifcm^tf-A£iIiB31**fc», &3SS^K:#tJ£ 
UT HHTtJpHgWBBP 1 2 1 ttT<^£. 

y HoD^tt^attattai 2fc^bfcfc©fcia5£^n io 

(0148] ^IS^Sffi?- 1 2 2 33 £tf U y P«NB*Mf 

[oi4 9] *m©b*»j££btm:, mj-nz i wr 

fc<fcO, ftB^K-AOJBW'voBtffcBfPU BO® 20 
[0 15 0] !SQ9«)!ft^SBH:, 5 t Hf5>a>tt» 

[0 15 1] 
[mSE^J] 

m i ©***iB«Mu§*mi ut«:, «Mb« 8 o %<o 20 

# U \£—)VT)Vu -)V 1 tLft. 
[0 15 2] 

x^y-;PT5> (KTPA-MEtBS-T) £«T©J: 

[0 15 3] 10gOM/^fW2 0 0cm 3 «) 
1 PACil^t. 6 gffl^;^/-* 

7 5 >«H*.«re 4 P$ra«#3-li:&. 

[0 15 4] Jgj&KTfft. I PAfc«fcO|&#, HJgfet:: 
X*/— JWfeHXJMI. tti&U ««36>6PA-ME& 
HtftAbfc. 40 

[0 15 5] £aW»T©DSC**©tS*. PA — ME 

[0156] 3t4HtM«)«?ttU»7 & bTB 1 
(a) , (b) lC^-r^-f^OT«^&tUlST*^SU 
fc. SI (a) »:**?<!>3FHBe, (b) «WfiSS* 
SUT^4. £fc« HI (a) , (b) *0 1tt&K« 

2, 3tt«Te«£&Hifti'*-«fc&©£?«fe 4fct« 

1 ( a ) fOL 1 ttSlTSS 2 <h JSH^B 3 ©JK^mB 

num. wftaww©*-, dtt^«a©»$, w a so 



[0 15 7] B2*«V»T**Ji«©m^»ffl3lW l ©fP 

«> Btf****"r*>©tf«. 

[0 15 8] WR1 tLTCJJWRftfflVi, cn$W« 

«*Ufc. &»«lB±teAu*>SfcSB^««2, 3 
£^&L& (B2 (a) ) . B^MmMIL 1 

tt3tfm&U *fiI^W*5 0 0/im, •£•©!?£ 
d$100 OAtLfe. 

[0 15 9] B^*>^tt£*-r&ft#?*'&trilll 
©«?tttH8Bj$B©*m*B J ttV-i >9&x.v b 
mm (CanonfiBJ-10V) *JHV>T. 
2, SBKtt^U *a»b««|H»ca#:*»J5RU*:. 

[0 160] SjUTO. 8 4 gOPA-MES 1 2 g© 

zmc^l (2. owtx) . mm&m<b&«itttim 

V bmS (C a n o n$gB J - 1 0 V) *JBV»T, ^ 

««2, sBfcft*u jmskuumk 

[0 16 1] Cin&^#HSi;©^'-y>'PT3 o o*c 

fc/*93>«> AftlHF PTOSES: 6 5 A) fr&ft&tKtt 
*«*»JfcU «^ttW«»JftJHBW6£lxfc. (B2 
(b) ) . Bfls^5^^ATf**tfcttX«»WcitlB 

©41) W £3 0 0#m£U 3pa©a« 
«fjfe»fcEBU&. £©B?ttU8B£ftJtK6 
©BUPfct 1 0 0 A, hlfttfiffite 5 x l 0 4 Q/Ot? 

[0 16 2] CCTa^SBIMHKiH:. «»© 

WB*fc*HiHE«bfc«»©»ft&f\ ftttwav> 

KBJ& fcSWiBfcD^fcttB (Bttfe-frtt) ©IK 

[0 16 3] B2 (c) t**T<t-5(t, S^ifcffl 

B^t8«2, 3RllC«EE«0ftlUT«?ttttlff 

BtiuaBK6«B«na (7*- 3. > if mm) tsct 

ICADffBbfc. 7*-5'>if5!ia©*lEi!!£)g«:B4tC 
St, 

[0 16 4] B4«p, T l*<fc^T2ttmflEia[^©/^ 
XBt/^XWW-C»0, **ife^lT«T 1 * 1 m#\ 
T2*l 0m»iU, =««©ffi!S« (7*-5>^ISf 
©fcf-^ttffi) tt5Vi:U, B«7*-5Vy»9«tt 
1 X 1 0 "*T o r r ©J?^S?HStTT 6 0 ®mfr-D 1t. 

[0 16 5] i©«fc-5iCUT^B$nfc«^iS[mai5 5 

nte«B t o , ^-©isit^w^F^feSfs 2 8 at?& o 
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[0 16 6] &±©<fc5KbTf£8SSttfc* : Ffc^V> 

[0 16 7] 0 3{C*5V*Tv lte^K, 2, 3ttDS^« 
U 3 1 tt^K«E*EPJn-r-5fcJ6©Sill» 3 0 fit* 

±-rsifetH«sK i e ^jwjrrsfc«>©T/- 3 

3 \%T J - K®S 3 4 5fc«&JSSflE«i8u 

fflSt^CDilB^miffi I f, ttttJ^JSiEI e 

oTtt. *HMI8t2> 3IH»ceig3 Ii5<kt/«JR^3 0 

Si 3 2^b&7y-H*13 4£ffi«bT^S. * 
fc, *«^ai^^*5 J; t^T y - Ftt& 3 4 

^;fttti3SHTJS<Dmtt*4mm. 7^- F«g0>«ffc£ 1 20 
1 0* 6 To r r tl/fc. 

[0 16 8] ei±©<fc-5&a!l«fffiBSit*fflV»T, ±33 

I e*tJfiiPb, flHHIK 1 6 VTtt*3Hgft I f*<2. 
fn=le/I f (%) ttO. 0 5mofc. 30 

[0 16 9] et±aft«»bfc*ti«ii*, n^mmmzmfS. 
*. 

[0 17 0] &MM2 

mmm 1 k*v»x, s& 1 ©m^ttigBJ^ffl^msB j 40 

#5$©^ ^^X5/ K&etCTttWb, 1 5 0TCtCT3 

<tra«s©^ 2 ©m^j&mawiMfcffl wrk 2 0 tct 1 i^rta 

S«bT&JS^*>£fi#K:«&S-B:fc. 21*6011 ltH 
^•£ffr£bfc. 

[0171] nmm3 

*;Hfr>&£) Lfc¥^tt«2 tftnO^UV-SfflVi SO 



fc. (fifi*<fc-5-4 fcf3 g//l?>jY-|i[f li) 
[0 17 2] m2CD«TSttii85^fflWtbTlwt 

[0173] mmmit.m^^sc'cmitm2<Dm : f- 

»a®Jgj£ffl#W*l«SSfc«:Hib. 3 5 0"CTin^^ 

few* jfrfemz&^Tte—ytrfr&umz&mzitfzo 

[0 1'74] d^tttegafcl^-f V><a-C7*-S>:? 
[0 175] j»jfiggi|4 

±bbj&2 otttsiithmMfSLPattntL niwt %mt~ 
y^)vimtk^m^ii.sK^um:mm3 tmmvismz®. 

oT7.^>K-y^9Jfe^»«:S3:-rWT3 5 0. 

■c<z>mi-ctommf&?z> z. tTiWttstf i*mvK 
[0176] nmms 

Tjs u t u -jut s >7k^*^ i ©m^ fetBS&j&j&ffl*.* 
«^2C9«^ma5^ffl**^^bTS'ft;a^ (in 
j:n*iin^^-rs^tT«^ftms5^ffl^m6 
[0177] 11^6 

m^ag©— ap<7)5p®a*Bi 1 3 ir, 013 *©a-a' 

7 2 ttlSJ 7 0Dxmi;«J5t5 X*|6]B3igl (T 
BB«»tt>l*^) > 7 3fcl07«Dy nt^JS&f^Y^ 
SB«ft (JiBBiSifcli?^) , 4tt«^ifcffl«S£'g-£f3*Bk 
2, 3tt*^«S, 1 4 1 ttfl|KI&**jg« 14 2(4^ 

«S2tTSBi^7 2 iKDnmtQmnotctixD^y?? b 

TM-a 

DffS5 0A©Cr, ^3 6 0 0 0 A<DA u SJB&SUi 
ifc h l^^X h (A Z 1 3 7 0 *s<*7> httS) * 

«*B3t> *#bT, TK«il7 2®!/i?Xh/^->* 

bT, ma<D^tt«DTIB*9.7 2*^bfc. 
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li-b 

jfcicjss i . o /imo^'j a >ffikmfrz>zs.zmffl&m 

Jf 14 l£RF*/^y*ftKJ:9m«U5:. 
XS-c 

nSr-VX^tLTWraJftiltS 1 4 1 *X'y^>^UT3 
h*-;H 4 2*J^ISKUfc. Iyf>^JCF 4 
tH 2 tfXfcJB^fcR IE (Reactive Ion 

Etching) i£K:«fcofc. 
li-d 

•?-<Dm. sst^s 2 , 3 t.^nmrn** v^lus 

fc'**/'^— h (RD-2000N-4 
1 BStftfiEttSD J£fiKU 0 JS£ 5 OA 

©T i , fdlOOO A©N i «rHg^liWbfc. thU 
5?7. h/^->**«*»lTltt*U Nl/Ti 

«g<Z><8W£3 0 0 tfmtn. ^®ffi2, 3 

IS- e 

$^Hg2, 3<D±\Z±8&&7 3<D*bUi?7>h/1?- 
>&BfSi.\std&.. MS 5 0*>>f?s ha— A<£T i , 
S5 0 0 Ot>^Xhn- A©Au*/e**tS«5*fc«t 
0*«U U7b*:7lC,fcO*®CDffi#£Rfc£bX, F3T 
M<Z>J§M£©-tlB«l 7 3£J£fi5bfc. 
IS- f 

JKOVX^C^DBSPl 0 OOAOC rll6 1 £*E2S 

•vm^izGm&m®& (pa-metk^jo sbj*s 

©-f^iyhSI (CanonS BJ-10) « 

3i t. UT P d J; 0 fc*«ttT* S«i=-iSctBgP^ffl 
»BS6 ©JtUStt 1 0 0 A, v— httc»iia« 5 X 1 0 4 Q 

(««t>-&tr) ©jsnssu *<Dtmt\z, tftettsgx 

Ii-g 

c rii 6 1 &*.xf&imom : ?-i&m®]&i£mnm6 s 

JgfifcLfc. 
iS-h 

^tnw-y&MisiL, msmm^^wtf 5 0 a<& 



Tl. PS 5 0 0 0 A©A u £Jg;fclg«bJfc. U 7 

1 4 2 Zm&ikhti. 
[0 17 8] W±OXSK<tOS«l±tcTBBi6i7 2. 
MIHMMi 1 4 1 » J:E87 3. » : f«S2. 3, 

[0 17 9] 6t±0<fc^tClLT^©Ufc«^FaS«: 

[0180] i£k±.v>&5kz.\s-z&&<D¥-mMi&mm.mf$. 

IJELfc^, ®&7 lffl5mmJ:*l:« 7i-X^I/~ 
N8 6 <«f9^afi«8 3©rtBIC*3ait8 4t^^/X 

8 5 *«»jfcSnT#MS*n*) *3dW8 2 
TBI t. 7i-^-M6. £Mffl>8 2. iJ7^ 

*5^tt^S!lSH^X4 0 0'C~5 0 0 , Ct?l 
-h«6fi)£-r-5Ci:T**#bfc (B8) . fcfcUTTV— h 
8 1^0*«7 l©H3fet>7Uy htf^XTfT^fc. El 
8fc*ViT, 7 4tt««UH**» 7 2, 7 3i«n-e 
ftX#lfc*5.ktfY#iai©E«T?**. tt%K8 4». 
/ if u—j A <D®&\%mb&<n#-&*> fifes**, 
tt^3t#:tt09 (a) Ci*"r«fc3£e, Zh5-f^»«* 

fc«MBfe#*MfU abtl«8 4£fP«Lfc. 

[0181] s&> nuns 4<D^mm\zitmm^^)v 

/Xyar8 5)WR»t6n*. ^^JWV^ti, m^f^s? 
«, *3OT8 4©rtlB«fcW©¥JMfe»ll 01*7 -f^ 

[0 18 2] 7i-X7"l/-H8 6i:«, X£ttfttt8 

a (?F0^) #qR»t&n«4te«&*ftt. **atfv~cti 
fc. 

[0 18 31 It»«!)*«*ff5». #7 
««fl:4:« ; PKItt«^i*»l6S«a<TH:V>»ta:V»/t 
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[TITLE OF THE INVENTION] METHOD FOR MANUFACTURING 
ELECTRON EMITTING DEVICE, ELECTRON SOURCE, DISPLAY 
DEVICE AND IMAGE FORMING DEVICE, AND MATERIAL FOR 
FORMING ELECTRON EMITTING PORTION 

(57) [ABSTRACT] 

[OBJECT] To provide a method for manufacturing an electron emitting 
device of excellent electron emission characteristics, an electron source, a 
display device and an image forming device, which solves a problem of high 
manufacturing costs caused by unsuitable execution of a forming step of an 
electron emitting portion forming thin film only by a semiconductor process 
on a large-area display, and to provide a material for forming an electron 
emitting portion, which can obtain good electron emission characteristics of 
a uniform film thickness as an electron emitting device. 

[SOLVING MEANS] Material for forming an electron emitting portion and 
a method for manufacturing an electron emitting portion, an electron source, 
a display device and an image forming device, where the method for 
manufacturing an electron emitting device, which supplies material 
droplets for electron emitting portion forming between opposing electrodes, 
and forms an electron emitting portion through a heating and baking step, 
is characterized in that in the electron emitting portion forming step, 
material droplets for carrier formation which contain polymers having 
cation exchange capacities are supplied between the electrodes to form a 
carrier, then material droplets for electron emitting portion forming which 
contain an organic metal compound solution are supplied on the carrier to 
be adsorbed thereon, and ion exchange is carried out. 
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[WHAT IS CLAIMED ISO 

[Claim 1] A method for manufacturing an electron emitting device, which 
supplies material droplets for electron emitting portion forming between 
opposing electrodes, and forms an electron emitting portion through a 
heating and baking step, characterized in that in an electron emitting 
portion forming step, material droplets for carrier formation which contain 
polymers having cation exchange capacities are supplied between the 
electrodes to form a carrier, then material droplets for electron emitting 
portion forming which contain an organic metal compound solution are 
supplied on the carrier to be adsorbed thereon, and ion exchange is carried 
out. 

[Claim 2] A method for manufacturing an electron emitting device 
according to claim 1, characterized in that for the organic metal compound, 
an organic metal compound represented by the following formula is used: 

[Chemical Formula l] 
(R 2 COO) m M{NH n (RiOH)(3- n )}i 

(Rl, R2 are alkyls of carbon numbers 1 to 4, 1 is an integer of 2 to 4, m is an 

integer of 1 to 4, n is an integer of 0 to 2, and M is a metal). 

[Claim 3] A method for manufacturing an electron emitting device 

according to claim 1, characterized in that the heating and baking step is 

carried out in an oxygen atmosphere or a nitrogen atmosphere. 

[Claim 4] A method for manufacturing an electron emitting device 

according to claim 1, characterized in that the material droplets for the first 

electron emitting portion forming are continuously supplied between the 

opposing electrodes to form a linear or planar high-molecular film. 

[Claim 5] A method for manufacturing an electron emitting device 

according to claim 1, characterized in that in the step of supplying the 

droplets, a substrate on which a plurality of opposing electrode pairs are 

disposed is used, and droplets are supplied between the electrodes to form a 

plurality of electron emitting devices on the substrate. 

[Claim 6] A method for manufacturing an electron emitting device 
according to claim 5, characterized in that the plurality of electron emitting 
devices are arranged in a ladder form with respect to two parallel wirings. 
[Claim 7] A method for manufacturing an electron emitting device 
according to claim 5, characterized in that the plurality of electron emitting 
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devices are arranged at intersecting points of a plurality of matrix wirings. 
[Claim 8] A method for manufacturing an electron emitting device 
according to claim 1, characterized in that the method for supplying the 
material droplets for carrier formation is an ink jet system. 
[Claim 9] A method for manufacturing an electron emitting device 
according to claim 1, characterized in that the method for supplying the 
material droplets for electron emitting portion forming is an ink jet system. 
[Claim 10] A method for manufacturing an electron emitting device 
according to claim 1, characterized in that a proton type is mainly used for 
the polymers having cation exchange capacities. 

[Claim 11] A method for manufacturing an electron emitting device 
according to claim 1, characterized in that the electron emitting device is a 
surface conductive electron emitting device. 

[Claim 12] A method for manufacturing an electron source which 
comprises an electron emitting device, and voltage applying means to thq, 
device, characterized in that the electron emitting device is manufactured 
by the method described in one of claims 1 to 11. 

[Claim 13] A method for manufacturing an image forming member which 
comprises an electron source including an electron emitting device and 
voltage applying means to the device, and a luminant for emitting a light by 
receiving electrons emitted from the device, characterized in that the 
electron emitting device is manufactured by the method described in one of 
claims 1 to 11. 

[Claim 14] A method for manufacturing an image forming device which 
comprises an electron source including an electron emitting device and 
voltage applying means to the device, a luminant for emitting a light by 
receiving electrons emitted from the device, and a driving circuit for 
controlling a voltage applied to the device based on an external signal, 
characterized in that the electron emitting device is manufactured by the 
method described in one of claims 1 to 11. 

[Claim 15] A material for forming an electron emitting portion of an 
electron emitting device, the electron emitting device having the electron 
emitting portion between opposing electrodes, and the electron emitting 
portion being formed through a heating and baking step, characterized by 
being an organic metal complex represented by the following formula: 
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[Chemical Formula 2] 
(R 2 COO) m M{NH n (RiOH)( 3 . n )}i 

(Rl, R2 are alkyls of carbon numbers 1 to 4, 1 is an integer of 2 to 4, m is an 
integer of 1 to 4, n is an integer of 0 to 2, and M is a metal). 
[DETAILED DESCRIPTION OF THE INVENTION] 
[0001] 

[Technical Field of the Invention] The present invention relates to a method 
of manufacturing an electron emitting device, and more particularly to a 
method for manufacturing an electron source, a display device and an image 
forming device which uses the electron emitting device, and a material for 
forming an electron emitting portion. 
[0002] 

[Prior Art] Conventionally, two kinds of electron emitting devices which use 
a thermal electron source and a cold-cathode electron source have been 
known. For the cold-cathode electron source, there are such as a field 
emission type (abbreviated to FE, hereinafter), a metal/insulating 
layer/metal type (MIM), a surface conductive electron emitting device. As 
examples of the FE type, "Field emission" by W. P. Dyke&W. W. Dolan, 
Advance in Electron Physics, 8, 89 (1956), "Physical Properties of thin-film 
field emission cathodes with molybdenium cones" by C. A. Spindt, J. Appl. 
Phys., 47, 5248 (1976), etc., are known. 

[0003] As examples of the MIM type, "Operation of Tunnel-Emitting 
devices" by C. A. Mead, J. Apply. Phys., 32, 646 (1961), etc., are known. 
[0004] As examples of the surface conductive electron emitting device, there 
are such as RadioEng. Electron Physics., 10, 1290 (1965) by M. I. Elinson. 
[0005] The surface conductive electron emitting device utilizes a 
phenomenon of generating electron emission by supplying a current to a 
thin film with a small area formed on a substrate in parallel with a film 
surface. As such surface conductive electron emitting devices, a device 
which uses an thin Sn02 film by Elinson and others., a device which uses 
an thin Au film [G. Dittmer: "Thin Solid Films", 9, 317 (1972)], a device 
which uses an thin In203/Sn02 film [M. Hartwell and C. G. Fonstad: "IEEE 
Trans. ED Conf", 519 (1975)], a device which uses a carbon thin film [H. 
Araki et al.: Shinku, Vol. 26, 1st edition, p. 22 (1983)], and others, have been 
reported. 
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[0006] As a typical example of such a surface conductive electron emitting 
device, the device constitution by M. Hartwell is schematically shown in Fig. 
18. In the drawing, reference numeral 1 denotes a substrate. Reference 
numeral 4 denotes a conductive thin film which includes an electron 
emitting portion, and which is made of a thin metal oxide film or the like 
formed by sputtering in an H-shaped pattern. An electron emitting portion 
5 is formed by an energization process called later-described electroforming. 
4 is called a conductive thin film which includes an electron emitting 
portion. A length LI of the device shown is 0.5 mm to 1 mm, and a width 
Wl of the device is 0.1 mm. 

[0007] Conventionally, in such a surface conductive electron emitting 
device, the electron emitting portion 5 has generally been formed by 
subjecting an electron emitting formation thin film 6 by an energization 
process called electroforming before electron emitting is carried out. 
[0008] That is, the forming means that the electron emitting portion 5 is 
formed in a state of high electrical resistance by applying voltages to both 
ends of the electron emitting portion forming thin film 6, and locally 
destroying, deforming or altering the electron emitting portion forming thin 
film. 

[0009] In the electron emitting portion 5, cracks may be generated partially 
on the electron emitting portion forming thin film 6, and electrons may be 
emitted from the vicinity of the cracks. 

[0010] Hereinafter, the electron emitting portion forming thin film which 
includes the electron emitting portion formed by the forming is referred to 
as the conductive thin film 4 which includes the electron emitting portion. 
[0011] The surface conductive electron emitting device subjected to forming 
emits electrons from the above described electron emitting portion 5 by 
applying a voltage to the conductive thin film 4 which includes the electron 
emitting portion, and supplying a current to the device. 
[0012] 

[Problems to be Solved by the Invention] As described above, the electron 
emitting portion forming thin film 6 is made of a metal or a metal oxide in a 
manner that the solution prepared by dissolving an organic metal 
compound in an organic solvent, is coated on the substrate and then dried, 
and the organic component is thermally decomposed and removed by 
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heating and baking. The execution of the step of forming the fin film 6 for 
electron emitting portion forming only by the semiconductor process is not 
suitable for a large-area display, creating a problem of high manufacturing 
cost. 

[0013] Objects of the present invention are to solve such defects of the 
manufacturing method of the surface conductive electron emitting device of 
the prior art, and to provide a method for manufacturing an electron 
emitting device of excellent electron emission characteristics, an electron 
source, a display device and an image forming device. Further, an 
additional object is to provide a material for forming an electron emitting 
portion, which can obtain a uniform film thickness and good electron 
emission characteristics as an electron emitting device. 
[0014] 

[Means for Solving the Problems] The inventor has conducted studies in 
earnest to achieve the foregoing objects and, as a result, completed the 
present invention which can solve the above mentioned problems by 
supplying material droplets for carrier formation which contain polymers 
having cation exchange capacities between the electrodes to form a carrier, 
then supplying material droplets for electron emitting portion forming 
which contain an organic metal compound solution on the carrier to be 
adsorbed thereon, and carrying out ion exchange. 

[0015] That is, a method for manufacturing an electron emitting device of 
the present invention, which supplies material droplets for electron 
emitting portion forming between opposing electrodes, and forms an 
electron emitting portion through a heating and baking step, is 
characterized in that in the electron emitting portion forming step, material 
droplets for carrier formation which contain polymers having cation 
exchange capacities are supplied between the electrodes to form a carrier, 
then material droplets for electron emitting portion forming which contain 
an organic metal compound solution are supplied on the carrier to be 
adsorbed thereon, and ion exchange is carried out. 

[0016] The present invention includes methods for forming an electron 
source, a display device and an image forming device, which use an electron 
emitting device, and a material for forming an electron emitting portion. 
[0017] A method for manufacturing an electron source which comprises an 
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electron emitting device, and voltage applying means to the device of the 
present invention is characterized in that the electron emitting device is 
manufactured by the above described method for manufacturing the 
electron emitting device of the present invention. 

[0018] A method for manufacturing a display device which comprises an 
electron source including an electron emitting device and voltage applying 
means to the device, and a luminant for emitting a light by receiving 
electrons emitted from the device of the present invention is characterized 
in that the electron emitting device is manufactured by the above described 
method for manufacturing the electron emitting device of the present 
invention. 

[0019] A method for manufacturing an image forming device which 
comprises an electron source including an electron emitting device and 
voltage applying means to the device, a luminant for emitting a light by 
receiving electrons emitted from the device, and a driving circuit for 
controlling a voltage applied to the device based on an external signal is 
characterized in that the electron emitting device is manufactured by the 
above described method for manufacturing the electron emitting device in 
the present invention. 

[0020] A material for forming an electron emitting portion of an electron 
emitting device of the present invention, the electron emitting device having 
the electron emitting portion between opposing electrodes, and the electron 
emitting portion being formed through a heating and baking step, is 
characterized by being an organic metal complex represented by the 
following formula" 
[0021] 

[Chemical Formula 3] 
(R 2 COO) m M{NH n (RiOH)( 3 . n )}i 

(Rl, R2 are alkyls of carbon numbers 1 to 4, 1 is an integer of 2 to 4, m is an 
integer of 1 to 4, n is an integer of 0 to 2, and M is a metal). 
[0022] Next, the present invention will be described more in detail. 
[0023] According to the method for manufacturing an electron emitting 
device of the present invention, in the electron emitting portion forming 
step, first, material droplets for carrier formation which contain polymers 
having cation exchange capacities are supplied between the electrodes on 
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the substrate to form a carrier. When necessary, treatment such as drying 
or thermosetting is carried out to form a carrier of a desired shape between 
the electrodes. To provide this form, preferably, the material droplets are 
continuously supplied to form a linear or planar high-molecular film. 
[0024] Then, material droplets for electron emitting portion forming in 
which a metallic salt solution of an organic metal complex or the like easily 
dissolved in water by coordinating amino alcohol having an amino and a 
hydroxyl in a molecule in an organic metal compound molecule is used as a 
main component are discharged by an ink jet or bubble jet system 
(abbreviated as BJ system, hereinafter), or dipped in the metallic salt 
solution to fix a metal on the carrier. After the fixing of the metal on the 
carrier, this is heated and baked under an appropriate atmosphere to form 
an electron emitting portion forming thin film 6. In this heating and 
baking step, baking may be carried out in an oxygen atmosphere or a 
nitrogen atmosphere. 

[0025] In the method for forming the electron emitting portion forming thin 
film 6, preferably, the means for supplying the material droplets is an ink 
jet system or a BJ system. 

[0026] The method for independently carrying out the carrier forming, from 
the metallic salt solution discharging and the dipping is preferable in terms 
of durability of a head portion, stabilization of droplets, and a shape and a 
characteristics of the electron emitting portion forming thin film 6. 
[0027] As the metal salt used for the material for forming the electron 
emitting portion, an inorganic metal compound suitable for forming under 
relatively low-temperature heating and baking can used by containing an 
organic metal complex represented by the following formula* 
[0028] 

[Chemical Formula 4] 
(R 2 COO) m M{NH n (RiOH)( 3 . n )}i 

(Rl, R2 are alkyls of carbon numbers 1 to 4, 1 is an integer of 2 to 4, m is an 
integer of 1 to 4, n is an integer of 0 to 2, and M is a metal). 
[0029] Preferably, a polymer having the cation exchange capacity is mainly 
an H (proton) type. By the H type, contamination of a metal other than in 
object can be prevented, and an ion exchange capacity with object metal salt 
can be increased. Additionally, after ion exchange/adsorption, surplus 
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metal salts and metal ions adsorbed on the polymers are washed and 
removed. Thus, it is possible to maintain constant characteristics such as 
resistance of the electron emitting portion forming thin film 6. 
[0030] 

[Operation] According to the present invention, the material droplets for 
carrier formation which contain main components of polymers having 
cation exchange capacities or adsorption abilities are discharged and, when 
necessary, treatment such as drying or thermosetting is carried out to form 
a carrier of a desired shape between the electrodes. Since no ion 
substances such as metallic salts are contained in the material droplets, the 
process is difficult to be affected by environmental conditions such as 
temperature and humidity during manufacturing, and a constant shape can 
be obtained on the substrate or the electrode. Additionally, in order to 
maintain this shape in the next step, drying or thermosetting can be carried 
out when necessary. 

[0031] Then, the material droplets for electron emitting portion forming 
which uses the metallic salt solution as a main component are discharged, 
or dipped in the solution for electron emitting portion forming. Metal ions, 
a metal or a metal complex are diffused and carried by the carrier. 
[0032] By employing such a two-phase forming method, it is possible to 
improve reproducibility such as the shape and the characteristic of the 
electron emitting portion forming thin film 6, which is formed through 
heating and baking under an appropriate atmosphere. 

[0033] In the heating and baking, gas such as oxygen or nitrogen is supplied 
in accordance with a decomposing temperature and time of an organic 
substance such as a polymer film when necessary for the electron emitting 
portion forming thin film 6 in which the material is a metal inorganic 
compound such as a metal inorganic oxide or a metal inorganic nitride. 
[0034] Subsequently, electroforming is carried out to form an electron 
emitting portion on the electron emitting portion forming thin film 6 to 
complete an electron emitting device. 
[0035] 

[Preferred Embodiments] Next, the present invention will be described 
more in detail by way of preferred embodiments. 

[0036] For the material for electron emitting portion forming used according 
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to the present invention, a carrier forming material which contains a 
polymer having a cation exchange capacity as a main component, and an 
electron emitting portion forming material which contains a metallic salt 
solution such as an organic metal complex as a main component are used. 
[0037] As the carrier forming material which contains the polymer having a 
cation exchange capacity and an adsorption ability, a commercially 
available ion exchange resin (e.g., DOWEX), vinyl acetate, polyvinyl alcohol 
(of appropriate degree of saponification), acrylic acid copolymer acryl amide 
gel or the like can be suitably used. This is formed into a solution by 
adding an appropriate solvent; generally an aqueous solvent is suitably 
used, but an organic solvent is added in the case of the vinyl acetate or the 
like. In place of a solution type, a dispersion type may be used. 
[0038] Regarding the means for supplying the carrier forming material on 
the substrate, an arbitrary method can be used as long as droplets can be 
formed and supplied. However, an ink jet system is convenient because 
especially small droplets can be efficiently generated and supplied with 
proper accuracy, and good controllability. For the ink jet system, there are 
a system such as a piezo device for generating and supplying droplets by 
mechanical shocks, a BJ system for generating and supplying droplets by 
using a minute heater to heat and bumping, etc. In any of these systems, 
minute droplets of ten ng to several ten [xg can be generated with good 
reproducibility and supplied to the substrate. 

[0039] On the other hand, as a main component of the electron emitting 
portion forming material which contains a metallic salt solution such as an 
organic metal complex as a main component, an aqueous solution which 
contains a plurality of, or a single organic metal complex represented by, 
such as, the following formula* 
[0040] 

[Chemical Formula 5] 
(R 2 COO) m M{NH n (RiOH)(3. n )}i 

(Rl, R2 are alkyls of carbon numbers 1 to 4, 1 is an integer of 2 to 4, m is an 
integer of 1 to 4, n is an integer of 0 to 2, and M is a metal). 
[0041] The organic metal compound is used as the main component of the 
electron emitting portion forming thin film because in the step of obtaining 
a metal or a metal oxide by heating and baking the compound, a melting 
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point, a boiling point, a sublimation temperature, and a decomposition 
temperature are 1000°C in the case of a halide or a mineral salt which 
contains no organic components, which may be higher than a heat 
resistance temperature of glass or silicon wafer of a substrate generally 
used as a substrate of an electron emitting device. 

[0042] In the case of discharging the droplets by the ink jet, for a metal 
concentration range of the aqueous solution, while an appropriate range 
slightly varies depending on a kind of a used metal element and a kind of 
metallic salts used, generally a range between 0.01% and over, and 5% and 
under is appropriate. If the metal concentration is too low, a large amount 
of droplets of the aqueous solution is required to supply a desired amount of 
a metal to the substrate. Consequently, not only the time required for 
supplying the droplets is made longer but also a unnecessary liquid pool is 
generated, which makes it impossible to achieve the object of supplying only 
metal to a desired position. Conversely, if the metal concentration of the 
aqueous solution is too high, the droplets supplied to the substrate become 
greatly nonuniform in the later step or during drying or baking. 
Consequently, the conductive film of the electron emitting portion becomes 
nonuniform to deteriorate characteristics of the electron emitting device. 
[0043] The shape of the electron emitting portion forming thin film may be 
defined by one of the carrier forming material or the electron emitting 
portion forming material. According to the present invention, the carrier 
forming material is formed in a fixed shape. Thus, dipping or a coating 
method by a spinner may be used for the electron emitting portion forming 
material. In the cases other than that of discharging the droplets by the 
ink jet, metal concentration of the solution is similar to that of the ink jet. 
[0044] In the step of heating and baking the organic metal compound, 
oxygen gas, nitrogen gas or the like is supplied in accordance with a 
temperature and time of decomposing the organic substance and when 
necessary to make the organic metal compound a metal inorganic compound 
such as an inorganic metal, an inorganic metal oxide or an inorganic metal 
nitride, whereby the electron emitting portion forming thin film 6 is 
completed. 

[0045] As the metals such as metallic salt or organic metal compounds, 
metals which easily emit electrons by voltage application, i.e., metals which 
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are relatively low in work relation and stable, for example, a platinum 
group of Pt, Pd, Ru etc., and metals of Au, Ag, Cu, Cr, Ta, Fe, W, Pb, Zn, Sn, 
Hf, Y etc., can be cited. 

[0046] In the organic metal compound, as an organic component other than 
an acetic acid, a carboxylic acid represented by a general formula R(COO)k 

is common. 

[0047] In the general formula (I), specific examples of k=l of R(COO)k are a 
formic acid, an acetic acid, a propionic acid, a butyric acid, an isobutyric acid, 
a valeric acid, etc. Specific examples of k=2 are a succinic acid, a malonic 
acid, an adipic acid etc. Specific examples of k=3 are a propane- 1, 2, 
3-tricarboxylic acid etc. [Document: V. Lippmann, Ber, 12.1650 (1879)]. 
Specific examples of k=4 are a butane-1, 2, 3, 4-tetracarboxylic acid etc. 
[Document: W. Auwers, A. Jacob, Ber, 27,126 (1894)] 

The organic metal compounds are metallic salts of such carboxylic acids. 
Carboxylic acids coupled with a single metal are changed from 1 to 4 
depending on metal ion valence. 

[0048] For example, in the case of silver, for acetic acid silver, 1 silver 
isostere with respect to 11 acetic acid isostere is general. In the case of 
palladium, it is well known that for acetic acid palladium, 2 acetic acid 
isostere with respect to 1 palladium isostere is general. 

[0049] It is well known that yttrium (Y) forms triacetate, and lead (Pb) 
forms tetraacetate. 

[0050] In the case of forming carborxylic acid salts by polycarboxylic acid ion 
of k=2 or more and metal ions of valence 2 or more, for example, in the case 
of a malonic acid (ions) of k=2 and palladium (ions), palladium equivalence 
is 1 with respect to 1 malonic acid isostere as represented by (CH2 
(COO)2)Pd. This molecular formula represents only an apparent ratio, and 
two carboxyl groups of the malonic acid are not necessarily coupled with the 
same palladium atoms. That is, carboxyl groups of two malonic acids 
adjacent to a single palladium may be coupled one by one. For example, it 
is represented by the following: 
[0051] 

[Chemical Formula 6] 
[-OOCCH2COO-Pd-OOCCH 2 COO-] 

[0052] In the case of propane of k=3*l, 2, 3-tricarboxylic acid (ions) and 
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palladium (ions), (OOCCH 2 CH(COO)CH 2 COO)2/3Pd is set, and m is not 
always an integer with respect to 1 metal isostere. 

[0053] As the organic metal compound, besides the carboxylic acid, there are 
an amine complex, a complex such as an alkyl phosphine complex, a chelate 
complex, etc. 

[0054] Besides the aforementioned carboxylic acid metal salts, inorganic 
salts such as a metal halide, a nitric acid, and sulfate can be used. The 
metal salts to be used are selected by considering stability of the metal salts 
in addition to materials, shapes and arrangement of the opposing 
electrodes. 

[0055] In the organic metal compound solution supplied to the substrate by 
the aforementioned means, a conductive inorganic fine particle film is 
formed through the baking step, whereby an inorganic fine particle film is 
formed for electron emitting on the substrate. The fine particle film is a 
film in which a plurality of fine particles are collected. Moreover, the fine 
particle film indicates a film of not only a state in which fine particles are 
individually arranged in a microscopically dispersing manner but also a 
state in which fine particles are adjacent or overlapped (including an island 
shape) with each other. A particle size of the fine particle film means a 
diameter of each fine particle in which a particle shape can be recognized in 
the above state. 

[0056] In the drying step, normally used natural drying, blow drying, heat 
drying etc., may be used. In the baking step, an electric furnace, and an 
infrared oven etc., are general. It is not always necessary to carry out the 
drying step and the baking step in divided separate steps, but may be 
carried out continuously and simultaneously. The organic metal compound 
is generally insulative and, in this state, the following electrical treatment 
called forming cannot be executed. Thus, organic metal is formed into a 
metal or a metal inorganic compound by heating and baking. During 
heating and baking, oxygen gas, nitrogen gas or the like must be supplied in 
accordance with a temperature and time for decomposing 90% or more of 
the organic substance when necessary and thus 90% or more of the organic 
metal compound is required to be made a metal inorganic compound such as 
of an inorganic metal, an inorganic metal oxide, an inorganic metal nitride 
and the like. The reason why 90% or more is required is because electrical 
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resistance becomes low within this range to enable forming process. 
Additionally, a remaining portion (component of 10% or less) is an organic 
substance or H2O, CO, NO x or the like, whereas the remaining portion may 
not be completely removed by adsorbing, occluding or coordinating 
depending on a metal. Nonpresence of such residues is preferable, it does 
not matter even if residues are present because the setting of electrical 
resistance to enable forming is the object. 

[0057] Additionally, metal or inorganic metal compound obtained from 
heating and baking are in many cases a thin film made of fine particles. 
[0058] Next, description will be made of a basic constitution, a 
manufacturing method, and features of the surface conductive electron 
emitting device of the present invention hereunder. 

[0059] The basic constitution of the surface conductive electron emitting 
device to which the present invention can be applied is broadly divided into 
two types being planar and perpendicular. 

[0060] First, the surface conductive electron emitting device will be 
described. 

[0061] Figs. 1(a) and 1(b) are schematic views showing a constitution of a 
surface conductive electron emitting device to which the present invention 
can be applied: Fig. 1(a) is a plan view, and Fig. 1(b) is a sectional view. 
[0062] In Figs. 1(a) and 1(b), a reference numeral 1 denotes a substrate, 2 
and 3 device electrodes, 4 a thin film including an electron emitting portion, 
and 5 an electron emitting portion. For the substrate 1, a glass such as a 
silica glass, Na or the like in which an impurity content is reduced, a blue 
plate glass, a glass substrate or the like formed by laminating SiC>2 on the 
blue plate glass by a sputtering method or the like, ceramics such as 
alumina, and an Si substrate or the like can be used. 

[0063] As materials for the opposing device electrodes 2 and 3, a typical 
conductive materials can be used. Materials can be appropriately selected 
from, e.g., a metal such as Ni, Cr, Au, Mo, W, Pt, Ti, Al, Cu, Pd or an alloy, or 
metal such as Pd, Ag, Au, Ru02, Pd-Ag a printing conductor made of a 
metal oxide and a glass or the like, a transparent conductor such as 
In203-Sn02, a semiconductor material such as polysilicon, etc. A device 
electrode interval LI, a device electrode length W, a shape of the conductive 
thin film 4 including the electron emitting portion, etc., are designed by 
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considering an applied form or the like. Preferably, the device electrode 
interval L can be set in a range of several thousand A to several hundred 
jxm, more preferably in a range of several \xm to several ten |j,m by 
considering a voltage applied between the device electrodes or the like. 
[0064] The device electrode length W can be set in a range of several jim to 
several hundred jxm by considering resistance value of the electrode and 
electron emission characteristics. A film thickness d of each of the device 
electrodes 2 and 3 can be set in a range of several hundred A to several |xm. 
[0065] Furthermore, not only the constitution shown in Figs. 1(a) and 1(b) 
but also a constitution can be employed in which the conductive thin film 4 
including the electron emitting portion, and the opposing electrodes 2 and 3 
are sequentially laminated on the substrate 1. 

[0066] For the conductive thin film 4 including the electron emitting portion, 
preferably, a fine particle film made of fine particles is used in order to 
obtain good electron emission characteristics, and the film thickness of the 
conductive thin film 4 is appropriately set by considering step coverage of 
the device electrodes 2 and 3, a resistance value between the device 
electrodes 2 and 3, later- described electroforming conditions, etc. However, 
normally, it is preferably set in a range of several A to several thousand A 
and more preferably in a range of 10 A to 500 A. The resistance value is a 
value in which RS is between 102 and 107Q/ . The RS appears when 
resistance R of a thin film having a thickness oft, a width of w and a length 
of 1 is set to R=RS(l/w). In the present specification, the forming is 
described by taking an example of an energization process. However, the 
forming process is not limited to this, but includes a process of generating a 
crack on the film to set a high-resistance state. 

[0067] A material of the conductive thin film 4 is appropriately selected from 
a platinum group of Pt, Pd, Ru etc., metal such as Au, Ag, Cu, Cr, Ta, Fe, W, 
Pb, Zn, or Sn, a metal oxide such as PdO, SnC>2, PbO, or Sb2C>3, a metal 
boride such as ZrB2> or YB4, a metal carbide such as TaC, or WC. 
[0068] The fine particle film described here is a film in which a plurality of 
fine particles are collected, and the fine particle structure is employed in 
which fine particles are arranged in a dispersed state or a state where fine 
particles are adjacent to each other or overlapped with each other (including 
a case in which several fine particles are collected to form an island 
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structure as a whole). A particle size of each fine particle is in a range of 
several A to several thousand A, preferably in a range of 10A to 200A. 
[0069] In the specification, a word "fine particle" is frequently used, and 
thus its meaning is described. 

[0070] A small particle is called a "fine particle", and a smaller particle is 
called an "ultra-fine particle". A particle which is smaller than an 
"ultra-fine particle" and in which the number of atoms is about several 
hundred or less is generally called a "cluster". 

[0071] However, the boundary of "fine particle", "ultra-fine particle", and 
"cluster" are not strict, and vary depending on characteristics to be focused 
onto for classification. Also, there are cases where the "fine particle" and 
the "ultra-fine particle" are called a "fine particle" altogether, and the 
description in the present specification complies with this definition. 
[0072] The following description is in lines 22 to 26 of p. 195, in "Jikken 
Buturigaku-koza 14 Hyomen3Biryushi" (by K. Kinoshita, issued by 
Kyoritsu Shuppan, Sep. 1, 1986). 

[0073] "Fine particle in this paper means that the diameter is from about 2 
or 3 |xm to about 10 nm, especially in the case of an ultra-fine particle, a 
particle size is from about 10 nm to about 2 or 3 nm. Both "fine particle" 
and "ultra-fine particle" may be simply written as fine particles in a lump, 
which is not strict but an index. If the number of atoms constituting a 
particle is two, several tens to several hundreds, it is called a cluster." 

Additionally, definition of "ultra-fine particle" in "Hayashi: Ultra-fine 
particles project" of Research Development Corporation of Japan is as 
follows in which a lower limit of a particle size is small. 
[0074] "According to "Ultra-fine particle project" of Exploratory Research for 
Advanced Technology (1981 to 1986), a particle in which a particle size 
(diameter) is in a range of 1 to 100 nm is called an "ultra fine particle". 
Then, one ultra-fine particle is a collection of 100 to 10 8 atoms. By an atom 
scale, an ultra-fine particle is a large to giant particle." (1st to 4th fines of 
p. 2, "Ultra-fine Particle- Exploratory Research for Advanced Technology 
-" by S. Hayashi, R. Ueda, A. Tasaki; Mita Press, 1988). "Particle smaller 
than an ultra-fine particle, i.e., one particle made of several to several 
hundred atoms is generally called a cluster" (lines 12 to 13 of p. 2 of the 
same). 
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[0075] Based on the foregoing general names, in the present specification, a 
"fine particle" is a collection of many atoms/molecules, and a lower limit of a 
particle size is approximately several A to 10 A, and an upper limit is 
approximately several ^im. 

[0076] The electron emitting portion 5 is constituted of a high-resistance 
crack formed on a part of the conductive thin film 4 including the electron 
emitting portion, and dependent on a film thickness, a film quality, material 
of the conductive thin film 4, and a later-described electroforming method 
etc. Inside the electron emitting portion 5, conductive fine particles of 
particle sizes which are in a range of several A to several hundred A may be 
present. Such a conductive fine particle contains a part or all elements of 
the material constituting the conductive thin film 4 including the electron 
emitting portion. The electron emitting portion 5, and the conductive thin 
film 4 including the electron emitting portion in the vicinity thereof can 
have carbons and carbon compounds. 

[0077] Next, the perpendicular surface conductive electron emitting device 
will be described. 

[0078] Fig. 6 is a schematic view showing an example of a perpendicular 
surface conduction electron emitting device to which the surface conductive 
electron emitting device of the present invention can be applied. 
[0079] In Fig. 6, portions similar to those of Figs. 1(a) and 1(b) are denoted 
by the same reference numerals thereof. A reference numeral 61 denotes a 
stepped portion. A substrate 1, device electrodes 2 and 3, a conductive thin 
film 4 including an electron emitting portion, and an electron emitting 
portion 5 can be made of materials similar to those of the aforementioned 
planar surface conductive electron emitting device. The stepped portion 61 
can be made of an insulating material such as SiC>2 formed by vacuum 
deposition method, printing method, sputtering method or the like. A film 
thickness of the stepped portion 61 corresponds to the device electrode 
interval LI of the planar surface conductive electron emitting device, and 
can be set in a range of several thousand A to several ten \im. This film 
thickness is set by considering a method for forming the stepped portion, 
and a voltage applied between the device electrodes. However, preferably, 

o 

it is set in a range of several hundred A to several \xm. 

[0080] The conductive thin film 4 including the electron emitting portion is 
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laminated on the device electrodes 2 and 3 after the formation of the device 
electrodes 2 and 3 and the stepped portion 61. In Figs. 2(a) to 2(c), the 
electron emitting portion 5 is formed at the stepped portion 61. However, it 
depends on such as making conditions, forming conditions, and a shape and 
a position are not limited to the drawings. 

[0081] There are various methods for manufacturing the aforementioned 
surface conductive electron emitting device, and an example is 
schematically shown in Figs. 2(a) to 2(c). 

[0082] Hereinafter, an example of a manufacturing method is described by 
referring to Figs. 1(a) and l(b), and Figs. 2(a) to 2(c). In Figs. 2(a) to 2(c), 
the same portions with those in Figs. 1(a) and l(b) are denoted by the same 
reference numerals thereof. 

[0083] 1) The substrate 1 is washed by using a detergent, pure water, an 
organic solvent etc., and device electrode materials are deposited by vacuum 
deposition method, sputtering method or the like. Then, the device 
electrodes 2 and 3 are formed on the substrate 1 by using, e.g., a 
photolithography technology (Fig. 2(a)). 

[0084] 2) An organic metal solution is coated on substrate 1 on which the 
device electrodes 2 and 3 are disposed to form an organic metal thin film. 
For the organic metal solution, the solution of the organic metal compound 
which contains metal of the material of the conductive thin film 4 which 
contains the aforementioned electron emitting portion as a main element 
can be used. The organic metal thin film is subjected to heating and baking, 
and patterned by lifting-off, etching or the like to form the electron emitting 
portion forming thin film 6 (Fig. 2(b)). Here, the description has been made 
by way of the coating method of the organic metal solution. However, the 
forming method of the conductive thin film 4 is not limited to this, but 
vacuum deposition method, sputtering method, chemical vapor phase 
deposition method, dipping method, a spinner method or the like can be 
used. 

[0085] 3) Subsequently, a forming step is carried out. As an example of this 
forming step method, a method by an energization process will be described. 
When power is supplied between the device electrodes 2 and 3 by using a 
not-shown power source, the electron emitting portion 5 with structural 
changes is formed on the conductive thin film 4 including the electron 
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emitting portion (Fig. 2(c)). By electroforming, a portion is formed in which 
the structure of the electron emitting portion forming thin film 6 is locally 
destroyed, deformed or altered. This portion constitutes the electron 
emitting portion 5. Figs. 4(a) and 4(b) show examples of voltage waveforms 
of electroforming. 

[0086] A voltage waveform is preferably a pulse waveform. For this, there 
are a method shown in Fig. 4(a) for continuously applying a pulse in which a 
pulse wave peak value is set to a constant voltage, and a method shown in 
Fig. 4(b) for applying a voltage pulse while increasing a pulse wave peak 
value. 

[0087] Tl and T2 in Fig. 4(a) are a pulse width and a pulse interval of the 
voltage waveform. Normally, Tl is set in a range of 1 \x sec, to 10 m sec, 
while T2 is set in a range of 10 (jl sec, to 100 m sec A peak value of a 
triangular wave (peak voltage during electroforming) is appropriately set in 
accordance width a form of the surface conductive electron emitting device. 
Under such conditions, for example, a voltage is applied for several sec, to 
several tens of minutes. The pulse waveform is not limited to the 
triangular wave, but a desired waveform such as a rectangular wave can be 
employed. 

[0088] Tl and T2 in Fig. 4(b) can be similar to those of Fig. 4(a). A peak 
value of a triangular wave (peak voltage during electroforming) can be 
increased by, e.g., steps of about 0.1 V. 

[0089] The end of the electroforming process can be detected by applying a 
voltage at the pulse interval of T2 of a level so that the electron emitting 
portion forming thin film 6 is not destroyed nor deformed, and measuring a 
current. For example, by applying a voltage of about 0.1 V, a flowing device 
current is measured, a resistance value is obtained, and the electroforming 
is completed when resistance of 1 MQ or higher is exhibited. 
[0090] 4) Preferably, treatment called an activation step is carried out for 
the device for which the forming has been completed. The activation step 
is a step by which a device current If, and an emitting current Ie are 
significantly changed. 

[0091] The activation step can be carried out by, for example, repeating 
pulse application under an atmosphere containing an organic substance gas 
as in the case of the electroforming. This atmosphere can be -generated by 
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using residual organic gas in an atmosphere, for example, when the vacuum 
container is exhausted by using an oil diffusion pump, a rotary pump or the 
like, or can be generated by introducing gas of a appropriate organic 
substance into vacuum sufficiently exhausted temporarily by an ion pump 
or the like. Preferable gas pressure of the organic substance in this case is 
set appropriately depending on a case as it varies due to the forms of the 
application, a shape of the vacuum container, a kind of organic substance, 
etc. As appropriate organic substances, aliphatic hydrocarbons such as 
alkane, alkene, an alkyne, aromatic hydrocarbons, alcohols, aldehydes, 
ketones, amines, organic acids such as a phenolic acid, a carboxylic acid, 
and a sulfonic acid, etc., can be cited. Specifically, a saturated hydrocarbon 
such as methane, ethane or propane represented by C n H2 n +2> an 
unsaturated hydrocarbon such as ethylene or propylene represented by a 
composition formula of C n H2 n or the like, benzene, toluene, methanol, 
ethanol, formaldehyde, acetaldehyde, acetone, methyl ethyl ketone, 
methylamine, ethylamine, phenol, a formic acid, an acetic acid, a propionic 
acid etc., can be used. By this process, a carbon or a carbon compound is 
deposited on the device from the organic substance present in the 
atmosphere, and a device current If and an emitting current Ie are 
significantly changed. 

[0092] Determination of the completion of the activation step is 
appropriately made by measuring the device current If and the emitting 
current Ie. A pulse width, a pulse interval, a pulse wave peak value, etc., 
are appropriately set. 

[0093] The carbon or the carbon compound is a graphite (containing 
so-called HOPG, PG, GC, HOPG indicates a nearly perfect graphite crystal 
structure, PG a slightly disturbed crystal structure in which a crystal 
particle is about 200 A, and GC a more greatly disturbed crystal structure 
in which a crystal particle is about 20 A) amorphous carbon (indicating an 
amorphous carbon, and a mixture of an amorphous carbon and a fine crystal 
of the aforementioned graphite), and the film thickness is preferably set in a 
range of 500 A or less. 

[0094] 5) Preferably, the electron emitting device obtained through such a 
step is subjected to a stabilization step. This is a step of exhausting the 
organic substance from the vacuum container. Preferably, for a vacuum 



20 



Tbkkaihei-9-106757 



exhauster which exhausts the vacuum container, a device which does not 
use oil is used so as to prevent an influence of oil generated from the 
exhauster device on device characteristics. Specifically, a vacuum 
exhauster such as a sorption pump or an ion pump can be cited. 
[0095] In the activation step, if an oil diffusion pump is used as the 
exhauster, and organic gas of an oil component generated therefrom is used, 
partial pressure of this component must be reduced to as small as possible. 
Partial pressure of the organic component in the vacuum container is 
preferably set to lxlO" 8 Torr or lower in which almost none of the 
aforementioned carbons or carbon compounds are newly deposited, more 
preferably, 1x10" 10 Torr or lower. When the vacuum container is 
exhausted, preferably, the entire vacuum container is heated to facilitate 
exhausting of organic substance molecules stuck to the inner wall of the 
vacuum container or adsorbed on the electron emitting device. Preferred 
heating conditions in this case are 80 to 200°C, for 5 hours or more. 
However, the present invention is not particularly limited to these 
conditions. The step is carried out by appropriately selected conditions 
such as a size and a shape of the vacuum container, a constitution of the 
electron emitting device, etc. Pressure in the vacuum container must be 
reduced as low as possible, preferably 1 to 3xKT 7 Torr or lower, and more 
preferably lxlO" 8 Torr or lower. 

[0096] Preferably, an atmosphere during driving after the stabilization step 
maintains the atmosphere at the completion time of the stabilization 
process. However, the atmosphere is not limited to this. If the organic 
substance is sufficiently removed, sufficiently stable characteristics can be 
maintained even if a degree of vacuum itself is slightly lowered. By 
employing such a vacuum atmosphere, new deposition of carbons or carbon 
compounds can be suppressed and, as a result, the device current If and the 
emission current Ie are stabilized. 

[0097] Description will be made of basic characteristics of the electron 
emitting device to which the present invention can be applied, obtained 
through the foregoing steps by referring to Figs. 3 and 5. 
[0098] Fig. 3 is a schematic view showing an example of a vacuum processor, 
which comprises a function as a measuring and evaluating device. In Fig. 
3, same portions to those indicated in Figs. 1(a) and 1(b) are denoted by 



21 



Tbkkaihei-9-106757 



same reference numerals thereof. In Fig. 3, a reference numeral 35 
denotes a vacuum container 35. An electron emitting device is arranged in 
the vacuum container. That is, a reference numeral 1 denotes a substrate 
which constitutes the electron emitting device, 2 and 3 device electrodes, 4 a 
conductive thin film including an electron emitting portion, and 5 an 
electron emitting portion. A reference numeral 30 denotes an ammeter for 
measuring a device current If flowing through the conductive thin film 4 
including the electron emitting portion between the device electrodes 2 and 
3, 31 a power source for applying a device voltage Vf to an electron emitting 
device, and 32 an ammeter for measuring the emitted current Ie which is 
emitted from the electron emitting portion 5 of the device. A reference 
numeral 33 denotes a high-voltage power source for applying a voltage to an 
anode electrode 34, and 34 an anode electrode for capturing the emitted 
current Ie which is emitted from the electron emitting portion of the device. 
As an example, measurement can be carried out by setting a voltage of the 
anode electrode in a range of 1 kV to 10 kV, and a distance H between the 
anode electrode and the electron emitting device in a range of 2 mm to 8 
mm. 

[0099] In the vacuum container 35, an equipment such as a not-shown 
vacuum gauge or the like necessary for measurement under a vacuum 
atmosphere is disposed, and thus measurement and evaluation can be 
carried out under a desired vacuum atmosphere. An exhaust pump is 
constituted of a normal high-vacuum device system which includes a turbo 
pump and a rotary pump, and a super-high vacuum device system which 
includes an ion pump or the like. The indicated entire vacuum processor in 
which an electron source substrate is arranged can be heated up to 200 
degrees centigrade by a not-shown heater. Thus, by using this vacuum 
processor, the foregoing steps after the electroforming can be carried out. 
[0100] Fig. 5 is a view schematically showing a relation among the emitting 
current Ie, the device current If and the device voltage Vf measured by the 
vacuum processor shown in Fig. 3. In Fig. 5, since the emitting current Ie 
is extremely small compared with the device current If, arbitrary units are 
adopted. The vertical and horizontal axes are in linear scales. 
[0101] As is apparent from Fig. 5, the surface conduction type electron 
emitting device to which the present invention can be applied has three 
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characteristics relative to the emitted current Ie. 

[0102] Specifically, (i) when a device voltage equal to or higher than a 
specific voltage (referred to as a threshold voltage, Vth in Fig. 5) is applied 
to the present device, the emitted current Ie is sharply increased, while 
upon application of the threshold voltage Vth or lower, the emitted current 
Ie can hardly be detected. That is, the electron emitting device is a 
nonlinear device having a definite threshold voltage Vth relative to the 
emitted current Ie. 

[0103] (ii) Since the emitted current Ie depends on a monotonic increase in 
the device voltage Vf, the emitted current Ie can be controlled by use of the 
device voltage Vf. 

[0104] (iii) The emitted charges to be captured by the anode electrode 34 
depend on the length of time for which the device voltage Vf is applied. 
That is, the strength of the charges to be captured by the anode electrode 34 
can be controlled by use of the length of time for which the device voltage Vf 
is applied. 

[0105] As can be understood from the above explanation, the electron 
emission characteristics of the surface conduction type electron emitting 
device, to which the present invention can be applied, can be easily 
controlled in accordance with an input signal. By utilizing the 
characteristics, the present invention can be applied to various fields, such 
as an electron source in which a plurality of electron emitting devices are 
arranged and an image forming apparatus. 

[0106] In Fig. 5, an example in which the device current If is monotonically 
increased relative to the device voltage Vf (hereinafter referred to as an "MI 
characteristic") has been given by a solid line. There is another case (not 
shown) where the device current If has a voltage control type negative 
resistance characteristic relative to the device voltage Vf (hereinafter 
referred to as a "VCNR characteristic"). Further, these characteristics can 
be controlled by adjusting the above described processes. Hereinafter, an 
applied example of the electron emitting device to which the present 
invention can be applied will be described. A plurality of the surface 
conduction type electron emitting devices to which the present invention 
can be applied are arranged on a substrate to provide, for example, an 
electron source or an image forming apparatus. 



23 



Tbkkaihei-9-106757 



[0107] Various types of arrangements can be adopted for the electron 
emitting devices. 

[0108] One example is a ladder-shaped configuration, in which a number of 
electron emitting devices arranged in parallel are connected at ends thereof 
to form a number of rows of electron emitting devices (this is referred to as a 
row direction), and a control electrode (also referred to as a grid) is arranged 
in the direction perpendicular to the rows (this is referred to as a column 
direction) above the electron emitting device , thereby controlling electrons 
emitted from the electron emitting devices. As another example 
arrangement, a plurality of electron emitting devices are arranged in rows 
and columns in the X direction and the Y direction, and one electrodes of the 
electron emitting devices arranged in the same row are connected to a wire 
in the X direction in common, while the other electrodes of the electron 
emitting devices arranged in the same column are connected to a wire in the 
Y direction in common. This configuration is a so-called simple matrix 
configuration. First, the simple matrix configuration will be described in 
detail below. 

[0109] As is described above, the surface conduction type electron emitting 
device to which the present invention can be applied has the characteristics 
(i) to (iii). Specifically, when the threshold voltage or higher is applied, the 
electrons emitted from the surface conduction type electron emitting device 
can be controlled by using the peak value and the width of a pulse voltage 
that is applied between the device electrodes located facing each other. On 
the other hand, when the threshold voltage or lower is applied, few 
electrons are emitted. According to this characteristic, even when a 
number of the electron emitting devices are arranged, if the pulse voltage is 
appropriately applied to the individual devices, a surface conduction 
electron emitting device can be selected in accordance with an input signal, 
and the number of electrons emitted can be controlled. 

[0110] Based on this principle, description will be given, with reference to 
Fig. 7, regarding an electron source substrate obtained by arranging a 
plurality of the electron emitting devices to which the present invention can 
be applied. In Fig. 7, reference numeral 71 denotes an electron source 
substrate; 72, X-direction wiring; and 73, Y-direction wiring. Reference 
numeral 74 denotes a surface conduction type electron emitting device; and 
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75, a connection line. Note that the surface conduction type electron 
emitting device 74 may be either the planar type or the vertical type 
described above. 

[0111] M lines of the X-direction wiring 72 includes DX1, DX2, ... and DXm, 
and can be configured with conductive metal or the like that is formed by 
using a method such as vacuum deposition, printing or sputtering. The 
material, the film thickness and the width of the wiring are set 
appropriately. N lines of the Y-direction wiring 73 include DY1, DY2, ... 
and DYn, and are made in the same manner as that of the X-direction 
wiring 72. An inter-layer insulating layer (not shown) is provided between 
m lines of the X-direction wiring 72 and n lines of the Y-direction wiring 73 
to electrically separate these wirings (m and n are positive integers). 
[0112] The inter-layer insulating layer (not shown) includes SiC>2 and the 
like that are formed by using a method such as vacuum deposition, printing 
or sputtering. For example, the insulating layer is formed in a desired 
shape across the entire surface or part of the surface of the substrate 71 on 
which the X-direction wiring 72 is provided, and the film thickness, the 
material and the manufacturing method thereof, in particular, are 
appropriately designated in order to resist the potential difference at the 
inter sections of lines of the X-direction wiring 72 and the Y-direction wiring 
73. The X-direction wiring 72 and the Y-direction wiring 73 are lead out to 
provide external terminals. 

[0113] Pairs of electrodes (not shown) that constitute the surface conduction 
type electron emitting devices 74 are electrically connected by m lines of the 
X-direction wiring 72, n lines of the Y-direction wiring 73 and the connection 
lines 75 made of conductive metal and the like. 

[0114] The material for the wirings 72 and 73, the material for the 
connection lines 75, the material for the connection lines 75 and the 
material for pairs of device electrodes may partially or totally consist of the 
same elements, or may consist of different elements. These materials are 
properly selected depending on, for example, the material employed for the 
device electrodes. When the material for the device electrodes is the same 
as that for the wirings, the lines of the wiring connected to the device 
electrodes can also serve as the device electrodes. Scan signal transmission 
means (not shown) is connected to the X-direction wirings 72. The scan 
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signal transmission means transmits a scan signal for selecting a row of the 
surface conduction type electron emitting devices 74 arranged in the 
X-direction. Meanwhile, modulation signal generation means (not shown) 
is connected to the Y-direction wiring 73. The modulation signal 
generation means modulates each column of the surface conduction type 
electron emitting devices arranged in the Y-direction in accordance with an 
input signal. A driving voltage applied to each electron emitting device is 
supplied as a voltage difference between a scan signal and a modulation 
signal applied to the device. 

[0115] With this configuration, each device can be selected and 
independently driven by using simple matrix wiring. 

[0116] Referring to Figs. 8, 9 and 10, description will be given regarding an 
image forming apparatus constituted by using the electron source having 
the above described simple matrix configuration. Fig. 8 is a schematic 
diagram showing an example of a display panel of the image forming 
apparatus, and Figs. 9(a) and 9(b) are schematic diagrams of fluorescent 
films used for the image forming apparatus. Fig. 10 is a block diagram 
showing an example of a driving circuit for presenting a display in 
accordance with an NTSC television signal. 

[0117] In Fig. 8, reference numeral 71 denotes an electron source substrate 
on which a plurality of electron emitting devices are arranged; 81, a rear 
plate to which the electron source substrate 71 is fixed; and 86, a face plate 
in which a fluorescent film 84, a metal back 85, etc., are formed on the 
internal face of a glass substrate 83. Reference numeral 82 denotes a 
support frame, and the rear plate 81 and the face plate 86 are connected to 
the support frame 82 using frit glass or the like. Reference numeral 88 
denotes an outer case, which is sealed by being annealed, for example, in an 
ambient atmosphere or a nitrogen atmosphere at a temperature ranging 
from 400 to 500 °C for ten minutes or longer. 

[0118] An electron emitting portion 74 corresponds to the electron emitting 
portion 1 in Fig. 1. Reference numerals 73 and 74 denote X-direction 
wiring and Y-direction wiring, respectively, connected to pairs of device 
electrodes of the surface conduction type electron emitting devices. 
[0119] As is described above, the outer case 88 includes the face plate 86, the 
support frame 82 and the rear plate 81. Since the rear plate 81 is mainly 
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provided in order to reinforce the strength of the substrate 71, the rear plate 
81 can be eliminated for the substrate 71 that has a sufficient strength itself. 
That is, by directly attaching the support frame 82 to the substrate 71, the 
outer case 88 may include the face plate 86, the support frame 82 and the 
substrate 71. Further, by providing a support member (not shown) called a 
spacer between the face plate 86 and the rear plate 81, an outer case 88 
having a sufficient strength relative to the atmospheric pressure can be 
constituted. 

[0120] Figs. 9(a) and 9(b) are schematic diagrams showing fluorescent films. 
A fluorescent film 84, if monochrome, can be made using only a fluorescent 
substance. A color fluorescent film can be made using a black conductive 
material 91 and a fluorescent substance 92, called a black stripe or a black 
matrix depending on the arrangement of the fluorescent substances. The 
reasons for providing the black stripe or the black matrix is that, for a color 
display, the gaps between each fluorescent substances 92 of the three 
primary colors required of a color display are blacked to make color mixture 
and the like less noticeable, and that the deterioration of contrast due to 
external light reflection on the fluorescent film 84 is suppressed. The 
material used for the black stripe can be a common material containing 
graphite as a primary element, or a conductive material having low light 
transmittance and low light reflectance. 

[0121] The method for coating the fluorescent substance on the glass 
substrate 93 can be a precipitation method, a printing method or the like 
regardless of monochrome or color. Generally, the metal back 85 is 
provided for the inner side of the fluorescent film 84. The reasons for 
providing the metal back are that inward light of the light emitted by the 
fluorescent substance is subjected to specular reflection toward the face 
plate 86 to improve luminance; that the metal back can serve as an 
electrode for applying an electron beam accelerating voltage i that the 
fluorescent substance is protected from damage due to collisions of negative 
ions generated in the external case! and the like. The metal back can be 
fabricated in such a manner that after the fluorescent film is fabricated, the 
inner surface of the fluorescent film is subjected to a smoothing process 
(generally called "filming"), and thereafter an Al layer is deposited by 
vacuum deposition, for example. 
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[0122] In the face plate 86, a transparent electrode (not shown) may be 
provided on the outer face of the fluorescent film 84 in order to further 
increase the conductivity of the fluorescent film 84. 

[0123] In performing the above described sealing, for a color fluorescent film, 
the fluorescent substances of each of the colors need to be correlated with 
the electron emitting devices, and appropriate aligning is inevitable. 
[0124] The image forming apparatus in Fig. 8 is manufactured in the 
following manner, for example. 

[0125] Similarly the above described stabilization process, while being 
heated appropriately, the outer case 88 is exhausted through an exhaust 
pipe (not shown) by an exhaust device, such as an ion pump or a sorption 
pump, which does not employ oil. When an atmosphere containing a 
satisfactorily low organic material level is obtained at a vacuum level of 
about 10 7 Torr, the outer case 88 is sealed. In order to maintain the 
vacuum level in the sealed outer case 88, a gettering process may be 
performed. This is a process in which immediately before or after the outer 
case 88 is sealed, a getter disposed at a predetermined position (not shown) 
in the outer case 88 is heated by using resistance heating, high-frequency 
heating or the like to deposit a film. The getter contains Ba and the like as 
primary elements generally, and through the absorption of the deposited 
film, a vacuum level of, for example, 1 x 10 5 to 1 x 10 7 Torr is maintained. 
Here, the process performed following the process of forming the surface 
conduction type electron emitting device can be properly designated. 
[0126] Next, referring to Fig. 10, description will be given regarding an 
example of the configuration of the driving circuit for presenting a television 
display based on an NSTC television signal, on a display panel constituted 
by using the electron source that has a simple matrix configuration. In Fig. 
10, reference numeral 101 denotes an image display panel; 102, a scan 
circuit; 103, a control circuit; and 104, a shift register. Reference numeral 
105 denotes a line memory; 106, a sync signal separation circuit; 107, a 
modulation signal generator! and reference symbols Vx and Va, 
direct-current voltage power sources. 

[0127] The display panel 101 is connected to an external electric circuit 
through terminals Doxl to Doxm, terminals Doyl to Doyn and a high 
voltage terminal Hv. A scan signal is applied to the terminals Doxl to 



28 



Ibkkaihei-9-106757 



Doxm to sequentially drive the electron sources provided in the display- 
panel, i.e., a group of the surface conduction type electron emitting devices 
that are wired in a matrix shape of M rows and N columns, one row (N 
devices) by one row. 

[0128] A modulation signal is applied to the terminals Dyl to Dyn to control 
an electron beam emitted by each surface conduction type electron emitting 
device in a row that is selected by the scan signal. A direct-current voltage 
of 10 K[V], for example, is applied to the high voltage terminal Hv by the 
direct-current voltage power source Va. This is an accelerating voltage for 
providing sufficient energy to excite the fluorescent substances for the 
electron beam emitted from the surface conduction type electron emitting 
device. 

[0129] The scan circuit 102 will now be described. This scan circuit 
includes therein M switching elements (schematically shown as SI to Sm in 
Fig. 10). The switching element selects either the output voltage of the 
direct-current voltage power source Vx or 0 [V] (ground level) and are 
electrically connected to the terminals Dxl to Dxm of the display panel 101. 
The switching elements SI to Sm operates based on a control signal Tscan 
outputted by the control circuit 103, and can be configured by combining 
switching elements, such as FETs. 

[0130] In this embodiment, based on the characteristics (electron emission 
threshold value) of the surface conduction type electron emitting device, the 
direct-current voltage power source Vx is set to output a constant voltage 
such that the driving voltage applied to a device that is not being scanned is 
equal to or lower than the electron emission threshold voltage. 
[0131] The control circuit 103 has a function for adjusting the operations of 
the respective sections so that an appropriate display can be provided based 
on an externally inputted image signal. The control circuit 103 generates 
control signals Tscan, Tsft and Tmry for each of the sections based on a sync 
signal Tsync transmitted from the sync signal separation circuit 106. 
[0132] The sync signal separation circuit 106 is a circuit for separating a 
sync signal component and a luminance signal component from an 
externally inputted NTSC television signal, and can be constituted by using 
a general frequency separation (filter) circuit and the like. The sync signal 
separated by the sync signal separation circuit 106 includes a vertical sync 
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signal and a horizontal sync signal. For the convenience of the explanation 
in this embodiment, the sync signal is shown as a Tsync signal in the 
drawing, and the luminance signal component for an image separated from 
the television signal is represented as a DATA signal. The DATA signal is 
inputted to the shift register 104. 

[0133] The shift register 104 is for performing, for each line of an image, 
serial/parallel conversion of the DATA signals serially inputted in a time 
series and operates based on the control signal Tsft transmitted from the 
control circuit 103 (that is, the control signal Tsft can be a shift clock for the 
shift register 104). The data for one line of the image obtained by the 
serial/parallel conversion (corresponding to data for driving N electron 
emitting devices) are outputted as N parallel signals Idl to Idn by the shift 
register 104. 

[0134] The line memory 105 is a storage device for storing the data for one 
line of the image only during a required period, and the contents of Idl to 
Idn are properly stored in accordance with the control signal Tmry 
transmitted from the control circuit 103. The stored contents are 
outputted as I'dl to Fdn and inputted into the modulation signal generator 
107. 

[0135] The modulation signal generator 107 is a signal source for 
appropriately modulating driving of each surface conduction type electron 
emitting devices depending on the image data I'dl to Tdn. The outputted 
signal therefrom is applied to Doyn to the surface conduction type electron 
emitting devices in the display panel 101 through the terminals Doyl. 
[0136] As is described above, the electron emitting device to which the 
present invention can be applied has the following basic characteristics 
relative to the emitted current Ie. Specifically, the obvious threshold 
voltage Vth is present to cause electron emission, and the electron emission 
occurs only when a voltage equal to or higher than Vth is applied. The 
emitted current is also changed in accordance with a change in a voltage 
applied to the device, relative to the voltage equal to or higher than the 
electron emission threshold value. Therefore, in the case of applying a 
pulse voltage, when a voltage equal to or lower than the electron emission 
threshold value is applied to the device, electron emission does not occur. 
However, when a voltage equal to the electron emission threshold value is 
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applied, an electron beam is output. At this time, the strength of the 
output electron beam can be controlled by changing a pulse peak value Vm. 
Further, the total amount of the charges of the electron beams to be 
outputted can be controlled by changing a pulse width Pw. 
[0137] Accordingly, a voltage modulation method, a pulse width modulation 
method or the like can be employed as a method for modulating the electron 
emitting device in accordance with an input signal. When the voltage 
modulation method is employed, a voltage modulation circuit which 
generates a voltage pulse having a constant length and appropriately 
modulates the pulse peak value in accordance with inputted data can be 
used as the modulation signal generator 107. 

[0138] When the pulse width modulation method is employed, a pulse width 
modulation circuit which generates a voltage pulse having a constant peak 
value and appropriately modulates the width of the voltage pulse in 
accordance with inputted data can be used as the modulation signal 
generator 107. 

[0139] The shift register 104 and the line memory 105 may employ either a 
digital signal type or an analog signal type. This is because it is efficient 
that the serial/parallel conversion and storing of an image signal be 
performed at a predetermined speed. 

[0140] When the digital signal type is employed, the output signal DATA of 
the sync signal separation circuit 106 needs to be digitized. For this, it is 
efficient to provide anA/D converter for an output portion of the circuit 106. 
In connection with this, a circuit used for the modulation signal generator 
107 slightly differs depending on whether a digital signal or an analog 
signal is outputted by the line memory 105. That is, when the voltage 
modulation method using a digital signal is employed, a D/A conversion 
circuit, for example, is used for the modulation signal generator 107, and an 
amplification circuit is added as needed. When the pulse width modulation 
method is employed, a circuit of a combination of, for example, a fast 
oscillator, a counting device (counter) for counting the number of waves 
outputted by the oscillator, and a comparison device (comparator) for 
comparing the value outputted by the counting device with the value output 
by the memory is used as the modulation signal generator 107. As needed, 
an amplifier can be added for amplifying the voltage of the modulation 
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signal to be outputted by the comparator after subjected to pulse width 
modulation to obtain the driving voltage for the surface conduction type 
electron emitting device. 

[0141] When the voltage modulation method using an analog signal is 
employed, an amplification circuit using an operating amplifier, for example, 
can be employed as the modulation signal generator 107, and as needed, a 
level shifting circuit can be added. When the pulse width modulation 
method is employed, a voltage control oscillator (VCO), for example, can be 
employed, and as needed, an amplifier can be added for amplifying the 
voltage of the obtained signal up to the driving voltage for the surface 
conduction type electron emitting device. 

[0142] In the image forming apparatus which can be thus configured and to 
which the present invention can be applied, a voltage is applied to the 
electron emitting devices through the outer terminals Doxl to Doxm and 
Doyl to Doyn, and thereby electron emission occurs. Through the high 
voltage terminal Hv, a high voltage is applied to the metal back 85 or the 
transparent electrode (not shown), and thereby an electron beam is 
accelerated. The accelerated electrons collide with the fluorescent film 84 
to cause light emission, and thereby an image is formed. 
[0143] The configuration of the image forming apparatus described above is 
an example to which the present invention can be applied, and various 
modifications, based on the technical ideas of the present invention, can be 
adopted. Although the NTSC type has been employed as the input signal, 
the input signal is not limited to this type, and PAL, SECAM, or another 
type can be employed, as well as a TV signal type (e.g., a high definition TV 
type including a MUSE type) including multiple scan lines. 
[0144] Next, referring to Figs. 11 and 12, description will be given regarding 
an electron source having a ladder-shaped configuration and an image 
forming apparatus. 

[0145] Fig. 11 is a schematic diagram showing an example of the electron 
source having the ladder-shaped configuration. In Fig. 11, reference 
numeral 110 denotes an electron source substrate; and 111, an electron 
emitting device. Reference numeral 112 and symbols Dxl to DxlO denote 
common wires for connecting the electron emitting devices 111. A plurality 
of the electron emitting devices 111 are arranged on the substrate 110 in 
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parallel in the X direction (these are referred to as device rows). A 
plurality of the device rows are arranged to constitute the electron source. 
When the driving voltage is applied between the common wires Dx2 to Dx9 
of the device rows, each device row can be independently driven. That is, a 
voltage equal to or higher than the electron emission threshold value is 
applied to a device row which is desired to emit an electron beam, while a 
voltage equal to or lower than the electron emission threshold value is 
applied to a device row which is not to emit an electron beam. Of the 
common wires Dx2 to DX9 between the device rows, DX2 and DX3, for 
example, may be a single wire. 

[0146] Fig. 12 is a schematic diagram showing an example of a panel 
structure of an image forming apparatus that includes the electron source 
having a ladder-shaped configuration. Reference numeral 120 denotes a 
grid electrode; 121, a through hole through which electrons are passed; and 
122, outer terminals Doxl, Dox2, ... and Doxm. Reference numeral 123 
denotes outer terminals Gl, G2, ... and Gn connected to the grid electrode 
120; and 124, an electron source substrate in which a single wire is 
employed as each common wire between two of the device rows. In Fig. 12, 
the same reference numerals are used to denote the same portions as those 
in Figs. 8 and 11. A great difference between this image forming apparatus 
and the image forming apparatus in Fig. 8, which has a simple matrix 
configuration, is whether or not the grid electrodes 120 are provided 
between the electron source substrate 110 and the face plate 86. 
[0147] In Fig. 12, the grid electrodes 120 are provided between the substrate 
110 and the face plate 86. The grid electrodes 120 are for modulating 
electron beams emitted from the surface conduction type electron emitting 
devices. In order that the electron beams are passed through the 
electrodes having a stripe shape that are positioned perpendicular to the 
device rows in the ladder-shaped configuration, circular openings 121 are 
formed on the grid electrodes 120 for the respective devices. The shape and 
setting position of the grids are not limited to those shown in Fig. 12. For 
example, a number of ports, arranged in a mesh shape, can be formed as 
openings, and the grids may be disposed around or near the surface 
conduction type electron emitting devices. 

[0148] The outer terminals 122 and the grid outer terminals 123 are 
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electrically connected to a control circuit (not shown). 

[0149] In the image forming apparatus of this embodiment, the device rows 
are sequentially driven (scanned) one by one, and synchronously, a 
modulation signal for one line of an image is simultaneously applied to the 
grid electrode array. Thus, the irradiation of the fluorescent substances by 
each electron beam is controlled, and an image can be displayed for each 
line. 

[0150] The image forming apparatus of this invention can be used as a 
display unit for television broadcasting, of a display unit for a television 
conference system, a computer or the like, as well as an image forming 
apparatus, for example, which serves as an optical printer constituted by 
using a photosensitive drum and the like. 
[0151] 
[Examples] 
Example 1 

A 1% aqueous polyvinyl alcohol solution having a saponification 
degree of 80% was employed as a first electron emitting portion forming 
material. 

[0152] Palladium acetate-monoethanolamine (hereinafter referred to as 
PA-ME) used for this example was synthesized in the following manner. 
[0153] 10 g of palladium acetate was suspended in 200 cm 3 of IPA, and 16.6 
g of monoethanol amine was further added, and the resultant was stirred at 
a room temperature for four hours. 

[0154] After the reaction was completed, the solid material was removed 
from the IPA, dissolved in ethanol and filtered. The PA-ME was 
recrystallized from the filtrate. 

[0155] Through a DSC measurement performed in the air, the 
decomposition temperature for the PA-ME was 272*0. 

[0156] For the electron emitting device of this example, the electron 
emitting device of the type shown in Figs. 1(a) and 1(b) was fabricated. Fig. 
1(a) is a plan view of this device, and Fig. 1(b) is a sectional view thereof. 
Further, in Figs. 1(a) and 1(b), reference numeral 1 denotes a substrate; 2 
and 3, device electrodes for applying a voltage to the devices; 4, a thin film 
including an electron emitting portion ; and 5, the electron emitting portion 
Note that, in Fig. 1(a), LI represents a device electrode interval between the 
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device electrodes 2 and ; W, the width of the device electrodes! d, the 
thickness of the device electrodes; and W, the width of the device. 
[0157] A method for manufacturing the electron emitting device of this 
example will be described with reference to Fig. 2. Note that the same 
reference numerals are used to represent the portions as in Fig. 1. 
[0158] A quartz substrate, employed as the substrate 1, was satisfactorily 
washed using an organic solvent and pure water, and dried by air heated at 
200°C. The device electrodes 2 and 3, made of Au, were formed on the 
surface of the substrate 1 (Fig. 2(a)). At this time, the device electrode 
interval LI was set to 3 pm, and the width W of the device electrodes was 
set to 500 pm, and the thickness d thereof was set to 1000 A. 
[0159] By using a BJ ink jet apparatus (BJ-10V, by Canon inc.), the first 
electron emitting portion forming material, which contains 
macromolecules having a cation exchange function, was coated between the 
device electrodes 2 and 3 and dried to form a carrier between the electrodes. 
[0160] Sequentially, 0.84 g of PA-ME was dissolved in 12 g of water (2.0 
wt%) for use as a second electron emitting portion forming material 
containing an organometallic compound. By using the BJ ink-jet 
apparatus (BJ-10V, by Canon Inc.), the second material was coated between 
the device electrodes 2 and 3, and metal complex ions were attached to the 
carrier, and the resultant structure was dried. 

[0161] The obtained structure was heated at 300^ in an oven, in the 
atmosphere, to decompose and deposit the PA-ME on the substrate, and a 
particulate film made of palladium oxide fine particles (average particle 
size: 65 A) was formed to obtain the electron emitting portion forming thin 
film 6 (Fig. 2(b)). It was confirmed by X-ray analysis that the film was 
made of palladium oxide. Here, the width W of the electron emitting 
portion forming thin film 6 (width of the device) was set to 300 pm, and the 
thin film 6 was disposed substantially in the center between the device 
electrodes 2 and 3. Further, the thickness of the electron emitting portion 
forming thin film 6 was 100 A, and the sheet resistance was 5 x 10 4 £2/a. 
[0162] The particulate film in this example is a film made of a set of 
multiple particulates. As a microstructure thereof, the film is not only in a 
state where the individual fine particles are dispersed, but also in a state 
where the fine particles are located adjacent to each other and overlap each 
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other (including an island- shaped state). The particle size is the size of a 
fine particle the shape of which can be identified in the above described 
state. 

[0163] Next, as is shown in Fig. 2(c), an electroforming process was 
performed on the electron emitting portion forming thin film 6 by applying a 
voltage between the device electrodes 2 and 3, and thereby the electron 
emitting portion 5 was obtained. The voltage waveform in the 
electroforming process is shown in Fig. 4. 

[0164] In Fig. 4, Tl and T2 respectively represent a pulse width and a pulse 
interval of the voltage waveform. In this example, Tl was defined as 1 m 
second; T2 was defined as 10 m seconds; the peak value (peak voltage 
during the electroforming process) of a triangular wave was defined as 5 V; 
and the electroforming process was performed for sixty seconds in a vacuum 
atmosphere of about 1 x 10* 6 Torr. 

[0165] The thus obtained electron emitting portion 5 was in a state where 
fine particles containing palladium as a primary element were dispersed. 
The average size of the fine particles was 28 A. 

[0166] The electron emission characteristic of the thus obtained device was 
measured. Fig. 3 is a schematic diagram showing the structure of a 
measurement evaluation apparatus. 

[0167] In Fig. 3, reference numeral 1 denotes a substrate; 2 and 3, device 
electrodes; 4, a thin film including an electron emitting portion ; 5, the 
electron emitting portion ; 31, a power source for applying a voltage to the 
device; 30, an ammeter for measuring a device current Ifi 34, an anode 
electrode for measuring a emitted current Ie which is emitted by the device; 
33, a high voltage power source for applying a charge to the anode electrode 
34; and 32, an ammeter for measuring the emitted current. In the 
measurement of the device current If and the emitted current Ie of the 
electron emitting device , the power source 31 and the ammeter 30 are 
connected between the device electrodes 2 and 3, and the anode electrode 34, 
to which the power source 33 and the ammeter 32 are connected, is 
arranged above the electron emitting device . Further, the electron 
emitting device and the anode electrode 34 are disposed in a vacuum 
device. This vacuum device includes units (not shown), such as an exhaust 
pump and a vacuum gauge, which are required for the vacuum device so 



36 



Tbkkaihei-9-106757 



that the measurement and the evaluation of the device can be conducted 
under a desired vacuum condition. In this example, the distance between 
the anode electrode and the electron emitting device was set to 4 mm, the 
potential of the anode electrode was set to 1 Kv, and the vacuum level in the 
vacuum device at the time of the measurement of the electron emission 
characteristic was set to 1 x 10" 6 Torr. 

[0168] By using the thus arranged measurement evaluation apparatus, the 
device voltage was applied between the electrodes 2 and 3 of the electron 
emitting device described above, and the device current If and the emitted 
current Ie produced at this time were measured. Then, the current-voltage 
characteristic as shown in Fig. 5 was obtained. For the device in this 
example, the emitted current Ie was sharply increased at a device voltage of 
about 8 V. At a device voltage of 16 V, the device current If was 2.3 mA, and 
the emitted current Ie was 1.2 pA. The electron emission efficiency q = 
Ie/If (%) was 0.05%. 

[0169] In the above described example, the triangular wave pulse is applied 
between the device electrodes to perform the electroforming process when 
forming the electron emitting portion. However, the wave to be applied 
between the device electrodes is not limited to a triangular wave, and 
another desired wave, such as a square wave, may be employed. The pulse 
peak value, the pulse width and the pulse interval of the wave are also not 
limited to the above values, and desired values can be selected so long as a 
satisfactory electron emitting portion can be formed. 
[Q170] Examnle 2 

In Example 1, the first electron emitting portion forming material 
was ejected by the BJ ink-jet apparatus and was dehydrated under a heat of 
150°C for thirty minutes to form the carrier between the device electrodes. 
Thereafter, the resultant structure was immersed in the second electron 
emitting portion forming material similar to that used in Example 1 at 20°C 
for one hour, and metallic ions were held by the carrier. The electron 
emitting device was manufactured using the same annealing and 
electroforming processes as those in Example 1. 
[017l] Example 3 

A polymer having an average size of 2 pm was employed in which 
the benzene nuclei of the copolymer of 95% styrene-5% divinyl benzene are 
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sulfonated (one sulfonic acid group on average for one benzene nucleus) (a 
weight of about four pico g/one polymer particle). The polymer collection 
was performed three times using hydrochloric washing and centrifugal 
separation to obtain the H type. This H type was then dispersed in water 
to be used as the first electron emitting portion forming material. 
[0172] 1 wt% of aqueous acetylacetone nickel solution was employed as the 
second electron emitting portion forming material. 

[0173] The first and second electron emitting portion forming materials 
were sequentially ejected using the same means as that used in Example 1, 
and the resultant structure was baked at 350X2 to deposit the electron 
emitting portion forming thin film 6. Since acetylacetone nickel is a 
sublimate, it had been generally difficult to obtain a constant amount of 
nickel when the acetylacetone nickel was heated up to its decomposition 
temperature. However, in the present invention, since nickelwas held by 
the carrier, the nickel was not sublimated, and therefore the electron 
emitting portion forming thin film 6 could be appropriately formed. 
[0174] Since this thin film is easily oxidized, the structure was stored in a 
helium atmosphere until the electroforming process was completed. 
[0175]Example4 

The same method as that used in Example 3 was employed except 
that 1 wt% of aqueous nickel chloride solution was used as the second 
electron emitting portion forming material. Although nickel chloride has a 
high thermal decomposition temperature, the sulfonic acid nickel portion is 
thermally decomposed together with the thermal decomposition of the main 
framework such as styrene, in a state where nickel chloride is carried by a 
polymer. Therefore, when the structure was baked at a temperature of 
350^, the object electron emitting portion forming thin film 6 could be 
obtained. 
r0176l Example 5 

When an aqueous polyaryl amine solution is employed as the first 
electron emitting portion forming material, transition metal can be 
attached. In this example, an aqueous sodium chloroplatinate (II) solution 
was employed as the second electron emitting portion forming material. 
Platinum was attached as a complex, and the resultant structure was baked 
to obtain the electron emitting portion forming thin film 6 . 
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r0177l Example 6 

Fig. 13 is a plan view of part of an electron source, and Fig. 14 is a 
sectional view taken along the A- A' line in Fig. 13. Note that the same 
reference numerals as those used in Figs. 1 to 18 represent the same 
components. Reference numeral 1 denotes a substrate; 72, X-direction 
wiring corresponding to Dxm in Fig. 7 (also referred to as lower wiring); 73, 
Y-direction wiring corresponding to Dyn in Fig. 7 (also referred to as upper 
wiring); 4, a thin film including an electron emitting portion; 2 and 3, device 
electrodes; 141, an interlayer insulating layer; and 142, a contact hole for 
electrically connecting the device electrode 2 and the lower line 72. 
Step -a 

A 0.5 pm thick silicon oxide film was formed on a blue glass plate 
that had been washed and cleaned by the sputtering method to obtain the 
substrate 1, and a 50 A thick Cr layer and a 6000 A thick Au layer were 
sequentially laminated on the substrate 1 using vacuum deposition. Then, 
a photoresist (AZ1370, by Hoechst) was coated by spinner coating and 
baked, and thereafter the obtained photomask image was irradiated and 
developed to form a resist pattern for the lower wiring 72. Subsequently, 
wet etching was performed on the Au/Cr film, and thereby the lower wiring 
72 having a desired shape was obtained. 
Step-b 

Next, the interlayer insulating film 14 made of a silicon oxide film 
with a thickness of 0.1 pm was deposited using RF sputtering. 
Step-c 

A photoresist pattern for forming the contact holes 142 was 
prepared on the silicon oxide film deposited in step b, and by using the 
photoresist pattern as a mask, the interlayer insulating layer 141 was 
etched to obtain the contract holes 142. For the etching, a reactive ion 
etching (RIE) method using a CF4 gas and an H2 gas was employed. 
Step-d 

Thereafter, a pattern that was to form the device electrodes 2 and 3 
and the device electrode gap LI was formed by using a photoresist 
(RD-2000N-41, by Hitachi Chemical Co., Ltd.), and a 50 A thick Ti layer 
and a 1000 A thick Ni layer were sequentially laminated using vacuum 
deposition. The photoresist pattern was dissolved by using an organic 



39 



Ibkkaihei-9-106757 



solvent to lift off the Ni/Ti film. Then, the device electrodes 2 and 3, having 
a width W of 300 pm, were obtained at a device electrode interval LI of 3 
pm. 
Step-e 

A photoresist pattern for the upper lines 73 was formed on the 
electrodes 2 and 3, and a 50 A thick Ti layer and a 5000 A thick Au layer 
were sequentially laminated using vacuum deposition. An unnecessary 
portion was removed using a lift-off process, and thereby the upper wiring 
73 having a desired shape was formed. 
Step-f 

Fig. 17 is a plan view of part of the mask for the electron emitting 
portion forming thin film 6 of the electron emitting device used in this step. 
The mask has a device electrode gap G and an opening near the gap G. By 
using this mask, a 1000 A thick Cr film 161 was formed and patterned by 
vacuum deposition. Then, the organic metal complex (aqueous PA-ME 
solution) used in Example 4 was overlaid between the device electrodes 2 
and 3 using the BJ ink-jet apparatus (BJ-10, by Canon Inc.), and the 
resultant structure was baked at 300^ for ten minutes. The thus obtained 
electron emitting portion forming thin film 6, containing Pd fine particles as 
the principal element, had a thickness of 100 A and a sheet resistance of 5 x 
10 4 Q/a. Note that, as is described above, the particulate film in this 
example is a film that is made of a set of multiple fine particles and can 
have a microstructure not only in a state where the individual fine particles 
are dispersed, but also in a state where the fine particles are adjacent to 
each other or overlap each other (including an island shape). The particle 
size is a size such that the particle shape can be identified in the above 
state. 
Step-g 

The Cr film 161 and the electron emitting portion forming thin film 
6 that was baked were etched using an acid etchant, and thereby a desired 
pattern was formed. 
Step-h 

A pattern for coating a resist on a portion other than the contact hole 
142 portion was formed, and a 50 A thick Ti layer and a 5000 A thick Au 
layer were sequentially laminated using vacuum deposition. An 
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unnecessary portion was removed by the lift-off process to fill the contact 
holes 142. 

[0178] Through the above described steps, the lower wiring 72, the 
interlayer insulating layer 141, the upper wiring 73, the device electrodes 2 
and 3, the electron emitting portion forming thin film 6, etc., were formed 
on the substrate 1. 

[0179] Next, referring to Figs. 8 and 9, description will be given regarding 
an example of a display unit that is constituted by the thus manufactured 
electron source. 

[0180] A substrate 71, on which a number of surface conduction electron 
emitting devices of a plane type were formed through the above described 
steps, was fixed to a rear plate 81. Then, a face plate 86 (in which a 
fluorescent film 84 and a metal back 85 were formed on the inner face of a 
glass substrate 83) was disposed 5mm above the substrate 71 through a 
support frame 82, and frit glass was coated on the joint portion of the face 
plate 86, the support frame 82 and the rear plate 81. The resultant 
structure was sealed by being baked in an ambient atmosphere or in a 
nitrogen atmosphere at 400 to SOO'C for ten minutes or longer (Fig. 8). The 
frit glass was also employed to fix the substrate 71 to the rear plate 81. In 
Fig. 8, reference numeral 74 denotes an electron emitting device; and 72 
and 73, X-direction wiring and Y-direction wiring, respectively. The 
fluorescent film 84, if monochrome, is made only of fluorescent substances; 
in this example, however, a stripe shape shown in Fig. 9(a) was employed 
for the fluorescent substances. Black stripes were formed first, and 
fluorescent substances of each color were coated between the gaps to form 
the fluorescent film 84. The material used for the black stripes was a 
material of which the primary element was graphite, which is frequently 
employed, and the slurry method was employed for the method of coating 
the fluorescent substances on the glass substrate 83. 

[0181] Further, the metal back 85 is generally formed on the inner face of 
the fluorescent film 84. To manufacture the metal back, a smoothing 
process (generally called filming) was performed on the inner surface of the 
fluorescent film 84 that was prepared, and an Al layer was formed using 
vacuum deposition. 

[0182] For the face plate 86, there is a case where a transparent electrode 
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(not shown) is provided on the outer face of the fluorescent film 84 in order 
to increase the conductivity of the fluorescent film 84. However, in this 
example, the transparent electrode was not formed because the sufficient 
conductivity could be obtained merely by providing the metal back. 
[0183] When performing the sealing described above, since the fluorescent 
substances and the electron emitting devices must be correlated with each 
other for a color display, satisfactorily accurate alignment was performed. 
[0184] The atmosphere in the thus obtained glass container (outer case) was 
exhausted through an exhaust pipe (not shown) by a vacuum pump until an 
appropriate vacuum level was obtained. Then, a voltage was applied 
between the electrodes 2 and 3 of the electron emitting devices through 
outer terminals Doxl to Doxm and Doyl to Doyn, and the electroforming 
process was performed on the conductive film 6 to obtain an electron 
emitting portion 5. The voltage waveform in the electroforming process is 
shown in Fig. 4. 

[0185] In Fig. 4, Tl and T2 represent the pulse width and the pulse interval 
of the voltage waveform. In this example, Tl was set to 1 m second; T2 was 
set to 10 m seconds; a peak value (peak voltage in the electroforming 
process) of the triangular wave was set to 5 V; and the electroforming 
process was performed for sixty seconds in a vacuum atmosphere of about 1 
x 10" 6 Torr. 

[0186] The thus obtained electron emitting portion 5 was in a state where 
the fine particles containing palladium as the primary element were 
dispersed, and the average size of the fine particles was 30 A. 
[0187] Subsequently, the exhaust pipe (not shown) was heated by a gas 
burner in a vacuum level of about 10* 6 Torr to weld, and thereby the outer 
case was sealed. 

[0188] Finally, the gettering process was performed to maintain the vacuum 
level after the sealing. For this process, immediately before the sealing, a 
getter disposed at a predetermined position (not shown) in the image 
forming apparatus was heated using a method such as a high-frequency 
heating method, and thereby a deposition film was formed. The getter 
contained Ba and the like as primary elements. 

[0189] In the thus completed image display unit according to the present 
invention, signal generation means (not shown) applied a scan signal and a 
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modulation signal to each electron emitting device through the outer 
terminals Doxl to Doxm and Doyl to Doyn to permit the devices to emit 
electrons. Upon the application of a high voltage of several kV or greater to 
the metal back 85 through the high-voltage terminal Hv, the electron beams 
were accelerated and collided with the fluorescent film 84, which was 
thereby excited and emitted light. In this manner, an image was displayed. 
[0190] Further, in order to understand the characteristic of the plane type 
electron emitting device that was obtained through the above described 
steps, a standard comparison sample having the same LI, W and W f as 
those of the plane type electron emitting device in Fig. 1 was 
simultaneously manufactured. The electron emission characteristic of this 
sample was measured by using the measurement and evaluation apparatus 
shown in Fig. 3. Note that, as the measurement conditions for the 
comparison sample, the distance between the anode electrode and the 
electron emitting device was set to 4 mm; the potential of the anode 
electrode was set to 1 kV; and, the vacuum level in the vacuum device at the 
time of measuring the electron emission characteristic was set to 1 x 10* 6 
Torr. 

[0191] A device voltage was applied to the electrodes 2 and 3, and the device 
current If and the emitted current Ie at that time were measured. Then, 
the current-voltage characteristic shown in Fig. 5 was obtained. According 
to the device obtained in this example, the emitted current Ie was sharply 
increased at a device voltage of about 8 V. At a device voltage of 16 V, the 
device current If was 2.2 mA, and the emitted current Ie was 1.1 pA. The 
electron emission efficiency q = Ie/If (%) was 0.05%. 
[0192] 

[Advantages Of The Invention] 

Since the droplets of the first electron emitting portion forming 
material of the present invention do not contain an ion material, such as a 
metallic salt, a constant pattern can be formed on the substrate or the 
electrode without being occasionally affected by environmental conditions, 
such as the temperature and humidity at the time of manufacture. By 
employing either one of the two types of formation methods, in which the 
droplets of the second electron emitting portion forming material that 
contains a metallic salt solution as a primary element are ejected and in 
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which the immersing process is performed using the solution of the second 
electron emitting portion forming material, the stability can be improved for 
the storage of the solution and for the ink-jet ejection. 

[0193] The resultant structure is baked in an appropriate atmosphere to 
form the electron emitting portion forming thin film 2. The repeatability, 
for example, of the shape and the characteristic of the thin film 2 can be 
improved. 

[Brief Description Of The Drawings] 

[Fig. 1] Figs. 1(a) and 1(b) are a schematic plan view and a sectional 

view, respectively, showing the configuration of a basic surface conduction 
type electron emitting device according to the present invention. 
[Fig. 2] Figs. 2(a) and 2(b) are schematic sectional views showing a 

method for manufacturing a preferred basic surface conduction type 
electron emitting device of the present invention. 

[Fig. 3] Fig. 3 is a schematic diagram of a measurement evaluation 

apparatus for measuring an electron emission characteristic. 
[Fig. 4] Figs. 4(a) and 4(b) are examples of voltage waveforms of 

preferred electroforming of the present invention. 

[Fig. 5] Fig. 5 is a typical example of the relationships between an 

emitted current Ie and a device voltage Vf, and a device current If and the 
device voltage Vf of the preferred surface conduction type electron emitting 
device of the present invention. 

[Fig. 6] Fig. 6 is a schematic diagram showing the structure of the 

preferred basic surface conductive type electron emitting device for the 
present invention. 

[Fig. 7] Fig. 7 is a schematic diagram of an electron source having a 

simple matrix configuration. 

[Fig. 8] Fig. 8 is a schematic diagram showing the structure of a 

display panel of an image forming apparatus. 

[Fig. 9] Fig. 9(a) and 9(b) are examples of a fluorescent film. 

[Fig. 10] Fig. 10 is a block diagram showing an example driving 

circuit which causes an image forming apparatus to present a display in 
accordance with an NTSC television signal. 

[Fig. 11] Fig. 11 is an example of an electron source having a 

ladder-shaped configuration. 
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[Fig. 12] Fig. 12 is a schematic diagram of the display panel of the 

image forming apparatus. 

[Fig. 13] Fig. 13 is a plan view showing part of the electron source of 

the image forming apparatus. 

[Fig. 14] Fig. 14 is a sectional view taken along the A- A 1 line in Fig. 

13. 

[Fig. 15] Figs. 15(a) to 15(d) are diagrams showing the first half of a 

process of manufacturing an electron source of the image forming 
apparatus. 

[Fig. 16] Figs. 16(e) to 16(h) are diagrams showing the second half of 

the process of manufacturing the electron source of the image forming 
apparatus. 

[Fig. 17] Fig. 17 is a plan view showing part of a mask for an electron 

emitting portion forming thin film 6 for an electron emitting device. 

[Fig. 18] Fig. 18 is a diagram for explaining the structure of a 

conventional surface conduction type electron emitting device. 

[Explanation of the Reference Numerals] 

1- substrate 

6- electron emitting portion forming thin film 
5* electron emitting portion 
4* conductive thin film 
2, 3- device electrode 

30- ammeter for measuring a device current If that flows across the 

conductive thin film 4 located between the device electrodes 2 and 3 

31: power source for applying a device voltage Vf to an electron emitting 

device 

33*- high-voltage power source for applying a voltage to an anode electrode 
34 

34: anode electrode for capturing an emitted current Ie which is emitted by 
the electron emitting portion of the device 

32^ ammeter for measuring the emitted current Ie which is emitted by the 

electron emitting portion of the device 

35: vacuum container 

61- stepped portion 

71- electron source substrate 
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72: X-direction wiring 
73- Y- direction wiring 

74: surface conduction type electron emitting device 

75' connection line 

81- rear plate 

82^ support frame 

83 : glass substrate 

84: fluorescent film 

85 ' metal back 

86 • face plate 

87 : high- voltage terminal 

88 ' outer case 

91- black conductive material 

92: fluorescent substance 

101 : display panel 

102: scan circuit 

103: control circuit 

104: shift register 

105: line memory 

106: sync signal separation circuit 

107: modulation signal generator 

Vx and Va- direct-current voltage power sources 

110: electron source substrate 

111: electron emitting device 

112: Dxl to DxlO: common wires for wiring the electron emitting devices 
120: grid electrode 

121- through hole for passing electrons 

122: outer terminals Doxl, Dox2, ... and Doxm 

123: outer terminals Gl, G2, ... and Gn connected to the grid electrodes 
120 

124: electron source substrate 
141: interlayer insulating layer 
142: contact hole 
161: Crf 
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